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and 2.2 W/kp, exposure, while in the second experiment the 
incidence at I .4 W/kg was signiticandy reduced. 

The experimenl by Anane et al. {25} is inconclusive not 
only because of the divergent results of the two experiments 
at the same exposure condition (1.4 Wlkg SAR) but mainly 
because of the insufficient size of experimental giuups. With 
a 70% background tumor incidence as observed in this inves
tigation even for an increase to 100% in the exposed group 
lhe power to dete<:l this difference at a significance level of 
S% is Jess than 60%. Furthermore, considering experimen
tal and biologicaJ variation substantiJll differences may occur 
by chance simply due to different distribution of background 
risk between experimental groups. Therefore, in conlnlSt to 
the statement of authors that relevant differences would be 
detected with 16 animals per group, the study was severely 
underpowered and prone to spurious effects from uneven dis
tribution of background risk. Also stress from confinement 
of animals could have contributed to the ambiguous results. 

·Yurekli et aJ. [26] report an experiment in male . .Wistar 
albino rats with the aim to analyze oxidative stress from 
whole-body exposure to a GSM 945 MHz signal at a SAR 
level of 11.3 m W /kg. In a gig ahem transverse (GTEM) cell 
a base stadon exposure in the far field was simulated. Two 
groups of rats, 9 ·aillmals in'eacb group. were either exposed 
1 b a day for 8 days or sham exposed. At the end of the expo
sure blood was withdrawn and malondialdehyde (MDA), 
reduced glutathione (GSH). and superoxide dismutase (SOD) 
were measured. MDA as well as SOD was significantly 
increased after exposure compared to sham, while GSH was 
significantly reduced. These results indicate that exposure 
may enhance lipid peroxidation and reduce the concentration 
of GSH whicb would increase oxidative stess. A disadvan
lage in this experiment was that the experiments were carried 
out sequentially and therefore animals differed in weight and 
no blinding could be applied. 

'In a series of experiments conducted in the Kashima Labo
ratory, Kamisu, Japan, different in vitro assays were applied 
to test whether irradiation with 2.1425 GHz, which corre
sponds to the middle frequency aUocated to the down-link 
signal of IMT-2000 (International Mobile Telecommunica
tion 2000, a 3G wide-band COMA system), leads to cellular 
responses relevant· for· human health [27-29]. In the first 
experiment phosphorylation and gene expression ofp53 was 
assessed (27]. In the second experiment heat-shock protein 
expression was evaluated in the human glioblastoma cell 
line A 172 and human IMR-90 fibroblasts [28). The effect 
of exposure of BALB!f3T cells on malignant transforma
tion, on promotion in MCA (3-methylcholanthrene) treated 
cel~s. and on co-promotion in cells pretreated ~ith MCA and 
co-exposed to TPA (12-0-tctradecanoylphorbol-13-acetate) 
was investigated by Hirose et al. (29].1n none of these exper
iments applying the wne exposure regimen but different 
intensitie.s o.nd exposure durations (80mW/kp, SAR up to 
800 m W /leg SAR. 2 h to several weeks) an effect of exposure 
was observed. Exposure facility comprised of two anechoic 
chambers allowing blinded simultaneous exposure of an nrrny 

of 7 X 7 dishes in each chamber. Dishes were placed in a cul
ture cabinet located in the anechoic chamber and exposed to 
radiation from a hmn antenna whose signals were focused 
by a dielectric lens to obtain homogenous irradiation of the 
dishes. Details of the exposure protocol were not disclosed. 
Jt is staled that an .IMT-2000 signal at a chiprnte (a chip is 
a byte of information) of 3.84 Mcps was used for exposure. 
Assuming that it did not contain any low-frequency compo· 
nenu as typically present in actual exposures the implications 
of the findings are unclear. It is rarely supposed that the 
high-frequency components of RF-EMFs itself are abl~. to 
elicit any relevant; effects in the 'low-dose' mnge. Rither 
low-frequency m~ulation may contribute to bioto~icat 
responses. Therefok, results oftheseJapanese investigations 
are of limited value for risk assessment, conditional on them 
having no such biologically relevant exposure attributes .. 

I 

4. Discussion 

Although there~ is considerable public concern about 
adverse health effects from long-term . exposure. to 
microwaves from mobile phone base stations t.h.ere are only 
few studies addressing this issue. Several reasons can be iden· 
tified for the scarcity of sch:nt.ific investigations: First of all, 
WHO has discoumged studies of base stations, at least con
cerning cancer as endpoinl. because retrospective assessment 
of exposure was considered difficull. Also COST 281 did not 
reconunend studieS of base stations and stated in 2002: "If 
there is a bealt.h risk from mobile telecommunication systems 
it should first be ~en in epidemiological studies of handset 
use." 

It is not appreciated that there are substantial and important 
differences between exposure to handsets and bose stations. 
The typically very low exposure to microwaves from base sta
tions, rarely exceeding I mW/m2, was deemed very unlikely 
to produce any adverse effect. Assuming energy equivalence 
of effects a 24 h exposure at I mW/m2 from a base station 
would be roughly equivalent to 30 min exposure to a mobile 
phone operating at 'a power of 20m W (average output power 
in aJUS of good coverage). Because we do not know whether 
time-dose reciprocity holds for RF-EM~ and whether there is 
a threshold for biological effects, there is no a priori argument 
why such low exposw-es as measured in homes near base sta
tions could not be 'of significance for wellbeing and health. 
As Wl example from a different field of environmental health 
consider noise expOsure: it is well known that at noise levels 
exceeding 85 dB(A) a temporary shift of hearing threshold 
occurs and t~at, ~~i~~S." th.!~.~~on-term. ~ffect, ~aft~r y~ of 
exposure noise induced hearing loss may occur. On the other 
hand, at a sound pressure of more than a factor of I 000 below, 
when exposure ocCurs during the night, exposed individuals 
will experience sleep disturbances that could affect health 
in the long run. From this example it follows that exposure 
mD.y have qualitati~ely different effects ot different exposure 
levels. j 
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The most important difference between mobile phone 
use and exposure from base sts.tion signals is duration of 
exposure. Whlle mobile phones ore us.ed intermittently with 
exposure dunuion seldom exceeding I h per day, exposure to 
base stations is continuous and for up to 24 h a day. It has also 
to be mentioned that the exposure of mobile phone users is 
in the near field and localized at the head region, while base 
stations expose the wfole-bQ(fytOI.hBar field: Strictly speak
ing exposure from mobile phones and Lheir base stations have 
almost nothing in common except for the almost equal car
rier frequency that is likely of no importance for biological 
effects. 

Concerning reconstruction of exposure 10 base station 
signals there is no greater difficulty than for retrospective 
assessment of exposure to mobile phones. II is not always 
necessary to detennine exposure precisely. For epidemiolog
ical investigations it often suffices to have a cenain gradient 
of exposures. As long as any two persons can be differen· 
tinted alons such a gradient epidemiological investigations 
can and should be carried out 

There are seven field studies of we!Jbeing and exposure 
to base station signllls available to dace. lWo were in occu· 
pationaJ groups working in a building below [II J or below 
as well as opposite a building with a roof-mounted base 
station antenna r !OJ. The other five were in neighbors of 
base stations: Santini et al. [5,6), Navarro et al. [8], Hutter 
et al. (9J, Blenner et al. (7}, and Thomas et al. [12). Stud
ies had different methodologies with the least potential for 
bias in the studies of Hutter et al. [9) and Blettner et al. 
[7]. All other studies could be biased due to self-selection 
of study participants. One study explored persona] dosime
try during 24 h ( 12J bu1 results were inconclusive due to 
insufficient power and omission of nigbuimc measurements. 
The study of Blettner et at. (71 had an interesting design 
with a first phase in a large population based representative 
SIUI'Ip!e and 11 second phase with individual measurements 
in the bedrooms of panicipants that were a subgroup of 
the larger sample. Unfonunately this second sample did 
not contain a sufficiently large fraction of individuals with 
relevant exposure (99% had bedside measurements below 
0.3mW/m2). 

Despite some methodological limitations of the different 
studies there are still strong indicati_?_ns thatlong~po-__ 

0 sure near-base stations affects wellbeing. S!!!)P.IOms mosL 
f --o~iiiidwii.bexposure were beadaches, concentra

tion difficulties, n:stlelisness, and.tre.ID£!:.. Sleeping problems 
were also n:latcd to distance from base station or power den· 
sity, but it is possible that these results are confounded by 
concerns about adverse effects of the base station, or mon: 
general1y,. by. specific personality. traits. While. the data are 
insufficient to delineate a threshold for adverse effects the: 
lade of observed effects at fractions of a mW/m2 power den· 
sjty suggests that, at least with n:spect to wellbeing, around 
0.5-1 m W /m2 must be exceeded in order to observe an effect. 
This figure is also compatible with experimental studies of 
wellbeing that found effects at 2. 7 and I 0 m W 1m2• 

There are regular media reports of an unusually high inci
dence of cancer in the vicinity of mobile phone base sts.tions. 
Because there are several hundred thousand base s~ations 
operating aU over the world some must coincide by chance 
with a high local cancer incidence. Regionally cancer inci· 
dence hilS a distribution with an overdispersion oompared 
to the Poisson distribution. Overdispersion is predominantly 
due to vruiatlons in the disnibution of age and gender. There· 
fore, a much higher number of cases than expected from 
average incidences can occur by chance. Unfonuoately there 
are no multi -regional systematic investigations of cancer inci· 
dence related 10 mobile pbone base stations available to date. 
Only studies in a single community, one in Bavaria (14 I and 
one in Israel f!S], have been published that reponed a sig
nificantly increased incidence in an area of 400 and 350m 
around a base· station. respectively. Although incidence in 
prollimity to the base station strongly exceeded the expected 
values and was significant even considering overdispersion 
in the case of the Neil a study in Bavaria, still no far reacb
ing conclusions cnn be drawn due to the ecological nature 
of the studies. However, both studies underline the urgent 
need to investigate this problem with an appropriate design. 
Neubauer et al. [301 have recommended focusing initially on 
short·tenn effects and 'soft' outcomes given the problems of . 
exposure assessment. However, as has been mentioned previ· 
ously. the problems of exposure assessment are less profound 
as often assumed. A similar approach as chosen in the study of 
leukemia IU'OUnd nuclear power plants {31) could be applied 
also for studying cancer in relation to base station exposure. 
Such a case.-<:ontrol design within areas around a sufficiently 
large sample of base stations would provide answers to the 
questions raised by the studies of Eger et al. I 14 J and Wolf 
and Wolf[ISj. 

In 2003 the so-called TNO study [19] had received wide 
publicity because it was the first experimental investigation 
of shon-tenn base station exposure in individuuJs that rated 
themselves sensitive to such signals. A Jot of unfounded crit· 
icism was immediately raised such as complaints about the 
limited sample size and the not completely balanced design. 
But also valid arguments have been put forward. The consec
utive tests.with all experimental conditions presented one 
after the other could result in 'sequential effects that may 
not be completely removed by balancing the sequen'ce of 
exposures. In severaJ countries follow-up studies 'were ini
tiated two 'of which have alrCady been published (21,23). 
One of these experiments partly supported the lNO study 
the other found no effect. While the study of Regel et al. [21] 
closely followed the conditions of the previous experiment 
only avoiding the shortcomings of a sequential within-<lay 
design and . improvements_ by including two intensities of 
UMTS exposure, the study of Eltiti et'al. ii3 I baci'a different 
procedure and include<! physiological measurements. Regel 
et Ill. {21] applied the same questionnaire as has been used in 
the TNO study. Because non-sensitive participants and sensi
tive participllllts during sham exposure (despite their almost 
I 0 years younger age) reponed considerably lower wellbeing. 
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This paper reviews the results of ear~cellph~es, where e~eposure duration was too short~ expect tumorigenesis. as well as twO 

sets of more recent studies with longer exposure duration: the lnterphone studieS and the Swedish swdies led by Dr. Lennart Hardell. The 
recent studies reach very dlfferent conclusions. With four exceptions the industry. funded lnterphone stud.ies found no increased risk of brain 
rumors from cellphone use, while the Swedish srudies, independent of industry funding, reponed numerous tindin8S of significant incttased 
brain tumor risk from cellphone and cordless phone use. An analysis of the data from the lntetpbone studies suggests that either tbe use 
of a cellphone protects the user from a bntin tumor, or the studies had serious design flaws. Eleven flaws are identified: (I) selection bias, 
(2) insufficient latency time, (3) definition of 'regular' cellphone user. ( 4) exclusion of young adults and children, (5) brain tumor risk from 
ceUpb.rui.e!_~jali.o&.lligher power leve~s in rural areas were not investigated, (6) exposure to other transmitting sources are excluded. (7) 
exclusion of bniin tumor typCi, (8'f tumors outside the -cellphOilciiidiation plume are treated as exposed, (9) exclusion of brn.in tumor ciiSeS 
because -of death or illness, (10) recall.accuracy of cellphone use, and (II) funding bias. The lnterphone studies bave all II flaws, and lhe 
Swedish studies have 3 flaws (8, 9 and 10). The data from the Swedish studies are consistent with what would be expected if cellphone use 
were a risk for llram tumors, while the lnterphone studies data are incredulous. If a risk does exist, the public health cost will be large:. These 
are the circLUIIStances where application of the Precautionary Principle is indicated, especially if low-cost options could reduce the absorbed 
cellphone llldiation by sevc:ral orders of magnitude. 
C 2009 Elsevier Ireland Ltd. All rights reserved. 
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J. Introduction 

This review covers o.ll tase-cootrol Sludies on the risk 
of brain tumors from cellphone use published up 10 March 
2009 and does not include epidemiological studies on the 
risk of brain tumors from exposure to other sources of elec
tromagnetic fields (EMFs). It examines the strengths and 
weaknesses of these studies ond what can be learned from 
differences in the findillgs. Because certainty is not possi
ble in science, much less in epidemiology, the indication of 
a possible risk of brain tumors from cellphone use suggests 
that the Precautionary Principle be applie-d. 

In almost all epidemiological investigations of rare dis
eases, such as brain tumors, researchers use what is known 
as a case-control design. Cases nrc subjects who have the dis
ease and corltrols are raPdomly chosen subjects without the 
disease. 'JYpi.cally controls are matched to the cases by age, 
gender, geographical area. and income. Subjects are asked a 
set of questions, which for a cell phone study would include 
questions about their cellphone use. 

The Odds Ratio (OR). the increased risk (OR> 1.0), 
or decreased risk (OR< 1.0) of brain tumors a.s a result 
of exposure to cellphone radiation is reponed. A two-by
two table is used to calculate the Odds Ratio. In Table I, 
Case and Control subjects are in the rows and Exposed 
and Unexposed subjects are in the columns. The Odds-( 
Ratio = (Exposed Cases) x (Unexposed Controls)I(Exposed 
Controls) x (Unexposed Cases). 

Actual studies use sophisticated statistical regression anal
ysis to adjust for confounding effects (age, gender, smoking, 
etc.), but the basic concept is the same. Additionally, along 
with the Odds Ratio, a 95% confidence interval (CI) is 
reported. 

In this discussion cell phone studies are grouped into early 
studies and later studies. The later studies are presented as 

Table I 
Simple example of increased risk. 

Exposed 

c.s~s bO ', , · 
Controls 49 

Totals 109 

Odds Ratio 

two sets of studies. Since each set uses a common proto
col, each can be considered a single study: The two sets are 
the industry· funded lnterphone studies and the independently 
funded Swedish studies Jed by Dr. Lennart Hardell. 

2. Early case-control cellphooe studies 

The salient fact of these early studies is the shon duration 
of ceUphone use. It would have been surprising to find any 
risk of n brain tumor, because an increased risk would have 
required a shon l~ncy time between exposure and diagnosis. 
Indeed, none~ of these studies reported fulding a significant 
risk (p!: 0.05) of a brain tumor from cellphone use. Yet, as 
can be seen in Table 2, each study did find a non-signjficant 
(p >0.05) increased risk induding two nex-significant fuld
ings of increased risk (p < 0.10). And, Auvinen et Ill. found 
tbat for~a_cl!)'.ear.Qf ccllph.anC.~Jl significant 20o/qjpqe~~ . 

-riskJ)La.braill cancer (glioma). Table 2 summarizes these 
studies [1-5]. 

Perhaps these early studies lhat foundJlo.Jlgn,i.ficant risk 
had actually found an early warning of trouble ahead. 

3. The industry-funded lnterphone study 

The Interphone study is a 13-country ~e-control study 
on the risk of btain and salivary gland wmots from cell
phone use. The lnterphone study uses a standard protocol 
such lha.t aU indiv1duo1 country results can be pooled togelher 
to increase the power of the study. This discussion is limited 
to the brain tumors studies. 

As of December 2008 there have been II single-country 
and 3 multi-country Interphone brain tumor studies pub
lished [6-19}. Themull.i-countrystudies will not be discussed 

Unnpo£ed Totals 

4() < 
' . - 100 

Sl 100 

9! 200 

1.56 



Table 2 
Early ccllphone tiiSe-control studies . 

Study 
.. 

Cll5e& Eligibility 

Start 

I I 
t 

I 

!.. 
r 

L.L. MorgQJI/ PrJrhophysio/ogy 16 (2009) 137-147 I 

Av. use time Major lindi~gs 

End 
years - . OR 95%0 

139 

Comments 

p value 

Hardcll et al., May 209 1994-1996 (Uppsala-Orcbro) Not reported 2.42 0.97, 6.05 ~ 0.0531 Temporal, parietal, 
2000(1] 1995-1996 (Stockholm) I occipilal 

I lobe.:-ipsi lateral use 

! (number of cues not 

' reporte4) 
MIISCIII tl a! .. Dtccmbcr 469 1994 1998 2.8 2.1 . 0.9 i 4.7 0.073' NcuroCpitbelial cancer 

2000" (2] I (3.5 case5) 
lnskip et a!., January 782 Junc-94 August-98 Not reported 1.9 0.6 I 5.9 0.26 Acoustic neuroma, ~5 

2001 [3) 
o.5 I years of use (5 ~) 

Muscat et a!., May 90 1997 1999 4.1 1.7 5.1 0.36 Aooll5tit neuroma. 3-6 
2002" (4) 

0.91 
years of _usc (II cases) 

Auvineu et a!., May 398 1996 Av. 2-3 (analo&) 1.7 3.5 0.12 Gliinna, >2 years of use 
2002" [5] <I (digital) I (number of cues not 

· 1.0 .1 

rejxlrted) 
.. 

J.l 1.4 V.O.SD Glioma, increase risk per 
I 

year (number of cases not i 
I reported) 

Bold indicateS statistically significant (p :!> 0.05). 
• Industry funded srudy. . 
I Near-significant (p!!: 0.1 0). 

·.·' -
i ., . '; 

,I· 1-

Uble3 I : .. · ... 
Suiilllllll)' data of the lllnterphone srudies investigated. 

Srudy,· Country ·Tumor Dx eligibility % CWICS ::=: I 0 years % of eligible controls MRegular" llSC from abstract 
range years refusing participation 

I OR Cl 

Ulnn et al. 2004, Sweden AN 3'.0 9.5% 27.9'11> ·w 0.610 1.5 

Christensen et Ill. 2004, Dcnmllfk AN 2.0 1.4% 36.0'JI, 0.90 0.51 to 1.57 

U!nn et al. 2005, G 2.0 6.7% 29.5% 0.8 0.6to 1.0 
Swec:k:n M 4.4% 0.7 0.5 to0.9 

Christensen e1 a!. L-gG 2.0 5.6% 36.0'JI, 1.08 0.58to 2.00 
2005, Denmark H-gG 0.58 0.34 to 0.90 

M 3.4% 1.00 0.54 to 1.28 

Scbui' eta!. 2006, G 3.0 3.3% 39.0% 0.98 0.74 to 1.29 
Oennany M 1.3% 0.84. 0.6210 1.13 

Takebayashi ct Ill. 2006, Japan AN 3.9 8.2% 15.8% 0.73 0.4310 1.23 

Klacboeel al. 2007. AN 2.0 0.0% 31.0% 0.5 o.i to\.o 
Norway· G 0.0% O.ti 0.4 to 0.9 

·;J 
M 0.0% 0.8 ··o . .Stol.l 

Hours et aJ. 2007, AN 2.5 0.0% 28.8% 0.92 0.53 to I.S9 
France G 0.0% . 1.15 0.65 to 2.05 

M 0.0% 0.74 0.43to 1.28 

Hepwonb ct al., 2007, United Kingdom G 3.3 6.8% 65.5% i 0.94 0.78to 1.13 

Schlchofcr et al., 2007, Germany AN 3.1 0.0% 45.1% I 0.67 0.38to l. 19 
I Tlikcbayashi ct al •. - .. . .. • • G. 3.9 2.3% .56.3% . - i ...... . 1.22 •. 0.63 to 1.27._ . 

Z008' J llpiill M 4.5% ,_12.9% I 0.70 0.42 to 1.16 

Welgbted average (by cases) 2.7 ti.Z'lo 40.7% I 
Wt. Av. (by cases) excluding U>nn 2.7 fi.l'lc 33.4% i 

(2004) and Hepworth I 
AN= acoustic neuroma; G =glioma; M,. meningioma; L-g G"' low-grade glioma; H-g G =high-grade glioma. Bold OR indicat.es statistically signiliC8IIt 

~~ I 
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further because they overlap the single-country smdies 
[17-19]. Table 3 summarizes the 1 I Interphone studies 
included in this analysis. Three studies had no cases whO had 
used a cell phone for ~ l 0 years [I 2, 14.16 ]. For Odds Ratios 
(ORs) on the risk of brain tumors ~m .. regular" cellphone 
use (reported in the abstracts) there were 15 ORs <1.0-a 
protective result (4 with significam protection), and 2 ORs 
were > 1.0-a result indicating increased risk. The cumula
tive binomial probability of having 15 ORs <1.0 and 2 ORs 
> 1.0 is hlghly unlikely (p = 0.00 12) and indicates a significant 
protective effect: · 

Table 3 summarizes the 11 Interphone studies 1111alyzed 
in this paper. It shows the years available for case diag
nosis (Dx) to be eligible for participation in !.he study, the 
percentage ,of cases that used a cellphone for 10 or more 
years, the percentage of selected controls that refused to par
ticipate in the study, and the Odds Ratios of brain tumors for 
"regular" cellphone use reported in the abstract of each paper. 
Finally, weighted (by cases) averages are presented for the 
Dx years for eligibility in the studies, the% of cases that used 
a cell phone for~ 10 years, and the %of eligible controls that 
refused participation. 

Alll4 of these lmerphone brain tumor studies have found 
that use of a cellphone protects the user from a brain tumor. 
The II studies reported a total of284 statisticaJiy independent 
ORs; 217 ORs < 1.0 and 67 ORs > 1.0 (p = 6.2 x w-20). There 
are two possibilities to expliUn such an incredulous result: (I) 
Either use ~f 11 eellph~ne provides protection from a brain 
tumor, or (2) the Interpbone Protocol [201 has serious design 
flaws. 

Eleven design flaws have been identified. The consistent 
findings of protection can be explained because 8 of these II 
flaws underestimate the risk of brain IUmors. 

3.1. FlclW 1: selection bias 

In a case-control cellphone sn1dy both cases and controls 
are asked if they would like to participate in the study. It is 
reasonable to assume controls who use a cell phone are more 
likely to participate than controls who do not use a ceil phone. 
This would result in selection bias. And, such' selection bias 
would result~ ari. under~timation of risk. " 

The impact ~f s~lection bias increases as tbe percentage of 
controls that refuse to participate increases. The Interpbone 
control weighted-average refusaJ rate was a remarkably high 

(:'TJ%-:br. Sam Milham, an occup~iional epidemiologist with 
-ove(JOO published papers, states that in the past, science 

journals would not accept a study with such a high refusal 
rate !21]. 

One Interphone study investigated the possibility of selec
tion bias by asking controls that refused pwticipation if they 
used a cellphone; 34% said they used a cellphone and 59% 
said they did not use a cellphone, confirming selection bias 
in that study [6J. 

How could selection bias have been mitigattd? First, do 
oot tell subjects the study is a cellphone study. Second, pay 

Table4 
Odds Ratios, with and without sei""Ction bias. 

Exposed Unexposed Totals 

With selection bias 
Cas(.l; 60 40 100 
Controls 60 40 100 

Totals 120 80 200 

Odds Ratio 1.00 

Truly Exposed Unexposed Totals 

Without selection biu 
Cases 60 40 lOO 
Controls 49 ~1 100 

Totals IQ9 91 200 

Odds Ratio 1.54 

Exposed Controls= (60 user Mplllticipaling" controls) x (~9% participa
tion)+(34 cellphone usen among non-participating conlmls) )( (41% 
non-participu~ts) "'49. 

the subjects for participation in tbe study. The result would 
be a higher participation rate, and more importantly, control 
participation would not be biased for use, or non~use of a cell
phone. However, given the funding provided, paying subjects 
was not considered. 

Table 4, using semi-hypothetical data (i.e., data that 
approximares actual Inrerpbone data), il1ustrates bow the 
Odds Ratios wi!J change when selection bias exists and when 
the selection bias has been eliminated. As can be seen \he 
Odds Ratio increases from 1.00 (no risk) to 1.54. Inversely 
stated, with selection bias a finding of no risk would mask an 
actual risk. 

3.2. Flaw 2: insufficient latency time 

The known latency time (the time between exposure and 
diagnosis) for brain tumors is 30+ years [22), similar to lung 
cancer from smoking [23] and mesothelioma from asbestos 
exposure [24]. Ten or more years was the longest cellphone 
use time reponed. The weighted-average of brain tumors 

· cases with :::-: I 0 years ·of cell phone use was 6.2% of all cases, 
or 16 cases per study. Not including sufficient numbers of 
longer-tenn cellphone users results in an underestimation of 
'risk. · 

To resolve this problem would require about a 3-fold 
increase in subjects. Because the weighted-average diagno
sis eligibility time was only 2.7 years (the date range for 
cases tQ be diagnosed wi\h a brain tumor to be eligible 

... for the study), only a small number of subjects. were avail
able. There was insufficient funding to increase the eligibility 
time. 

It is worth noting, two independently funded cellphone 
case-control studies, used n 6-year eligibility time. These 
two studies showed a consistent risk of brain tumors for ~ 10 
years of cell phone use (25.26). 
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1.3. Flaw 3: definitiO'I of "regular" cel/p!wne user 

The lnterphone Protocol defines "regular" cellphone use 
as use for at least once a week for 6 months or more with any 
cellphone use I year prior to diagnosis excluded. Based on 
UK cell phone subscriber data [27] and the UK study's Dx eli
gibility dates 113], the rapid rise of cellphone use finds 85% 
of "regular" UK users had used a cellphone for less than 
5 years; 98% of "regular" UK users had used a cellphone 
for less than 10 years (all lnterphone countries have simi~ 
tar rapid increases in cell phone users). Given known latency 
times how could any risk ofbrain tumors be expected for "reg
ular" ·users? Inclusion of such a large proportion ofshon-tenn 
users underestimates the risk of brain rumors. 

Dr. Elizabeth Cardis; the head of the Interphooe study 
stated, "Reporting 'regular' user (datal was not intended to 
he a risk. factor." {28). Yet. the abstract of every Interphone 
brain tumor study highlights that there is no risk of brain 
tumors from "regular" cellphone use. 

1.4. Flaw 4: exclusion of young adults and children 

The Interphone Protocol requires subjects to be between 
30 and 59 years of age (some studies have included ages as 
low as 20). There.is strong evidence that the young adults 
and children are~ gn=ol11:r risk from exposure to carcinogens 
than mature adults suggesting that the young, with greater 
cell growth, are more vulnerable to genetic mutations. 

Two cellphone studies report higher brain tumor risks in 
young adults (20-29 years of age) compared to mature adults. 
The first study found a 7-fold increased risk of brain tumor 
compared to a 1.40-fold risk for all adults [29], and the second 
study found a3.2-fold risk of brain tumor [30] compared to 
<2-fold risk in older adults. An ionizing radiation brain tumor 
study found the younger a child's age, the greater the risk of 
brain tumors (4.6-fold/Gy risk of brain tumors for children 
less than 5 years of age; 3.2-fold/Gy risk for children 5 to 9 
years of age, and; 1.47-fold/Gy risk for children 10 or more 
years) [22]. 

Inclusion of adclitional cases below 30 years would have 
pr<lvided greater insight into risk, but the additional cases 
would have increased the cost of the study. 

3.5. Flaw 5: brain tumor risk from cellphones radiating 
higher power levels in rural areas were not investigated 

~ 9...._______.....--- ----~ ---~·-~-. ----- ...... ____ ,........ .. 
s~~use rural users are farth~J_away~from...thc...cell.tow

ers compared to urban users, the cellphone's radiated power 
~~ [~J]. Unfortunately the Interphone studies selected 

mostly metropolitan areas to locate brain tumor cases. When 
higher racliated power is not included there is an underesti
mation of risk. 

In order to have sufficient cases to achieve statistical 
power, the total number of cases and controls who live in 
rural areas would have to be increased. This would require 
additional funding compared to what was provided. 

Table5 I 
Cb110ge in Odds Rati os oordless phone u~ is noc included and wllen il is 
included. I ' · 

Unuposed Totals 

Cordless phone CXJl<ISim lfeated as unCJCposed , 
Cases --J ! ' 57 100 
Controls 27 I 73 100 

Totals 70 I 130 200 
' Odds Ratio 2.0 

I 
Troly exposed 

Cordless phone exposlll'e uU~d as exposed 
Cases· 64 ' 
Controls 40 

Thtals 

Odds Rlltio 

104 

2.6 

Unexposed 

36 
60 

96 

Totals 

100 
100 

200 

Truly Exposed Con(J'Ols=(27 "Exposed" Controls)>< (64 lnlly exposed 
cases/43 ''Exposed'' Cases):., 40. , 

i . ' 
3.6. Flaw 6: exposure to other transmitting sources are 
not con.sidered 

'· ·, 
Subjects who use~~!ef;s_p~pnes, wa!_kie~talkies, ~am 

radio transmitters, etc~ are treated as unexposed in the Inter-
JiilOne studywhen_ill~facL.they_are expQsed.;Again, it is 
important to note that two independently funded cellphone 
case--control studies treated cordless phone use as ex~sed; 
and fo.und.that_cordldss phQ!J.~ .. J~~~-~~ults_in_~ incr~-~~ 

"'"~_brairJ_twn.ors;[25,26]. Treating exposed subjects as 
unexposed, once again, underestimates the risk of brain 

I rumors. 1 

Table S illustrates how the Odds Ratio would change if 
cordless phone users had been treated as exposed subjects. 
The first Odds Ratio table assumes a 2.0-fold risk. Addition
ally it assumes that 57% of cases did not use a cellphone 
(without considering cordless phone use). The second table 
assumes when cordles~ phone use is considered that the num
ber of unexposed cases decreases to 36%. An additional 
llSsumption is cordless phones have the same risk of brain 
tumors as do cellphone5. Given these assumptions we see that 
the inclusion of cordless phone use as an exposure increased 
the 2.0-fold risk to a 2:6-fold rivk: 

\i .. , 
3.7. Flaw 7: exclusioi;;J'broin tumor rypes 

The lnterphone study includes three brain tumor types: 
acoustic neuroma. glioma and meningioma. Other types are 
excluded (e.g. brain lymphoma, neuroepithelial, etc.). Exclu
sion of these other tu~ors-underestimate-s the risk of brain 
tumors. 

Interestingly, as shown in Table 2 above, another industry
funded study reponed· a 2.1-fold risk of a neuroepithelial 
brain_tumor_l2J and an Tndustry-fu~d;d··cellphone study 
sho-wed an excess risk of.lymphoma in mice [32]. Given tltis 
knowledge it is surprising that all brain tumor types were no! 
included. 
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3.8. Flaw 8: tumors outside the eel/phone's radiation 
plume are treated as exposed 

The radiation plume's volume is a small proportion of the 
brain's volume. Treating twnors outside the radiation plume 
as exposed tumors results in an overestimation of risk (the 
only flaw that overestimates risk). 

The adult brain absorbs the cellphone's radiation almost 
entirely on the side of the head where the cellphone is held 
(ipsilateral); almost no radiation is deposited on the opposite 
side of the head (contralateraJ). In adults the ipsilateral tem
poral lobe absorbs 50-60% of the total radiation and is-J 5% 
of the brain's volume~ The ipsilateral cerebellum absorbs 
12-25% of the total radiation and is "'5% of the brain's vol
ume. Thus, 62-85% of the cellphone's radiation is absorbed 
by -20% of an adult's brain's volume [33). Because a child's 
brain absorbs far more radiation than an adult's brain, this data 
are not applicable for a child's brain. · 

Table 6, using semi-hypothetical data, shows bow the 
Odds Ratio will change when all tumors are treated as 
exposed and when only tumors within the cellphone's radia
tion plume are treated as exposed. This hypothetical example 
assumes there is a 2.0-fold risk wheri all tumors are treated as 
exposed, and assumes that only 20% of the tumors are actu· 
ally exposed. Per these assumptions, the apparent 2.0-fold · 
risk is reduced to a 1.6-fold risk. 

Because the proportion of all brain tumors to the tumors 
within the radiation plume is small, a larger (roughly 5-fold) 
number of subjects would be required. However, the funding 
provided, did not allow for such a large increase in subjects. 

A recent paper showing changes in the brain's blood brain 
barrier (BBB) penneabiliry reported, counter-intuitively, that 
the effect of the highest permeability of the BBB (highest 
leakage) occurs at lower exposures [34]. The effect of this 
phenomenon is that almost all the leakage from a GSM cell
phone o~~rs Qe<:p in the brain and on _the contralateral side. 

----~-~~-A-

Table 6 
Odds Ratios with all rumol'S e~poscd and withoul all tumors c~poscd. 

Exposed U nexposcd , Totals 

With Haw 8 design error 
Ca.•u 75 25 100 
Controls 60 .40 100 

Totals 135 65 200 

Odds Ratio 2.0 

Truly exposed Unexposed Totals 

Wi thou! Raw 8 design error 
Cases IS 70 . 85 . 
Controls 12 88 100 

Totab 27 158 185 

OddsRalio 1.6 

Truly E,;poscd Cascs=(75 Muposcd" cases) x (20% brain c~poscd)= IS. 
Truly Exposed Conlrols = (60 "exposed" .;onlrols) x (20% brain 
e~poscd)= 12. 

Whether this is similar for the induction of brain tumors 
is unknown. However, whether or not it is similar does not 
negate the fact that the cellphone's radiation plume is in a 
small proportion of the total brain's volume. 

3.9. Flaw 9: exclusion of brain tumor cases because of 
death or too ill to respond 

A l~e number of b~fl_c_a,ncer (glioma) cases died ~re 
they_ could .be interviewed. or_ were .too .ill. to. be. i~t~I!~~~_,__ 
Common practice would be to interview a proxy (e.g., a 
spouse). The Interphone Protocol requires use of proxies in 
case of death [20), yet 3 of the 7. glioma studies excluded 
deceased, or too ill to be interviewed cases from their studies 
(9,12,131 and·a 4th md not use proxies for all of the cases 
who were too ill to be interviewed or who had died (I 0 f. The 
weighted average of these exclusions was 23% of all glioma 
cases. This flaw limits determining the riskS: if any, from the 

most dead! y and debilitating brain twnors from cellpbone use. 
Another study found significant risks for high-grade 

glioma (the most deadly), but not for low-grade glioma (the 
least deadly) [35]. 

•• J 

3.10. Flaw 10: recall accuracy of ~ellphone use 

Memory accuracy, particulllf in the distant past, is limited 
at best. The Interpbone project investigated this problem by 
asking cell phone users to recall their cell phone use, and then 
compared !he recall to billing records. . 

The study reported that light cell phone users tend to under
estimate their use and heavy users tend to overestimate their 
use. This results in an underestimation of risk [36]. 

Accurate data for the Interphone study could have been 
obtained by accessing subjects' cellphone-billing records as 
was done in the study of recall bias {36). It is reasonable to 
assume that the available funding did not suppon the gather
ing of billing records. 

3.11. Flaw I 1: funding bia.s 

II studies are funded by an entity with a financial inter
est in the findings, it. has been shown that, more often than 
not, the findings of such a study are favorable to the finan
cial interest compared to studies where the funmng has oo 
financial interest: 

Dr. Henry Lai at Washington University in Seattle main
tains a database of cellphone biological studies. The results 
(Table 7) from his database (July 2007) report the magnitude 
of funding bias. The industry-funded studies found an effect 
in 28% of. the studies and the independently funded studies 
found an effect 67% of the time. The probability that this is 
a chance finding is extraordinarily rninu\e (p = 2.3 X J0-9). 

A study on the source of funding of cellphone studies 
and the reponed results reported, "We found that the studies 
funded exclusively by industry were indeed substantially less 
likely to report statistically significant effects on a range of 
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Table7 
bldusb}.--funded and independently funded ceUphone biologiclll studiet. 

Cellphone biological studies 

Effect found 

Studies % all srudi es 

Industry funded No. 27 8.3% 
% 28.1% 

lndepe11dently funded No. 154 47.5% 
\11, 61.D% 

Totals 181 55.5% 

Chi2 = 39.8 (p = 2.3 x 10-9) II July 2006. 

end points that may be relevant to heahh" (probability of 
industry-funded study reporting at least one significant result 
is 0.11, Cl: 0.02--(1.78) [37}. 

Financial bias is pervasive across alJ fields of science. It 
is sufficiently pervasive that books have been written on the 
subject and science journals hove brought it to the attention 
of their readers. A search for books about "Funding Bias in 
Science" at Amazon.CQrn found 86 titles /38]. 

ln a review of the book • Science in the Private Interest: Has 
the Ll.ire of Its ProfitS Comipted Biomedical Research?' by 
Sheldon Krimsky, Dr. Roger Porter wrote, "The major theme 
of this superb book, therefore, is the degradation of the-aca
demic scientist; who is lured to the pecuniary gains offered by 
industry and now asks the scientific questions posed by indus
try instead of independently pursuing scientific investigation 
of public needs." [39]. · 

A news repon in the British Medical Journal reporte.d, 
"Four Gennan public health scientists have been publicly 
criticised in Der Spiegel magazine for accepting funding from 
the tobacco industry in return for supporting tobacco friendly 
research projects and policies in the 1980s." [40]. 

A substantial portion of the lnterphone study funding 
comes from the cellpbone industry. For European stud
ies. industry has provided more than €3.2 mil1ion ($5.1M) 
[27], another $1 million came from the Canadian Wireless 
Telecommunications Association [41] and it is unknown if 
industry funding has been provided for studies in Japan, 
Australia and New Zealand. 

ln addition tO the €3.2 miJlion the Interphone Exposure 
Assessment Committee received funding from the UK Net
work Operators (02, Orange, T-Mobile, Vodafone, '3 ') and 
French Network Operators (Orange, SFR, Bouygues) [36}. 
At least one member of this Committee is employed by 
a cellphone company: Dr. Joe Wiart from France Telecom 
[20]. 

·Beyond the €3.2 million available to the European Inter
phone studies, the French study (12] received funding from 
.. Orange, SFR, Bouygues Telecom." [421; the UK study 
received funding from 02, Orange, T-Mobile, and Vodafone, 

and [ 13]; the Danish study received funds from !he for-profit 
International Epidemiology Institute (lEI). The source of the 

· lEI funds is not stated [9!. 

No effect found Studies % all studies 

Studies % all studies 

69 21.2% 96 29.4% 
71.9% I 

I 

76 23.5% 230 70.6% 
33.0'1> I 

145 44.5% 326 100.0% 

I 
Funding for the 5~country Interphone study of acoustic 

neuroma also came from 02, Orange, T-Mobile, Vodafone, 
'3' [18]. I 

The Muscat et al. studies l2.4J received around $600,000 
from the Cellular Telecommunication lndusuy Association 
(CI1A) via the organiZation CTlA created and fun~ed. Wile
less Technology Rese'arcb (WTR) (43). For the Auvinen et 
al.· study "FiMish mobile phone manufacturers contributed 
to the funding for the TEKES research program.'~,[5J. . . 

i ' 
' ~ ,t ' I ' ' 

I 
4. Increased risk lnterpbone laterality findings 

I 
' ' ' i ' ' ~ '· • ' • • I 

So far the discussion had pertained to the aggregate results 
of the II Interphone brain tumor studies. It is important to 
note that when significant findings of risk were examined for 
~ 10 years of cellpllon'e use it was found that 2 studies had 3 
significanl1y increased risk results (all 3 were for ipsilateral 
use). The Swedish uinn et al. acoustic neuroma study had 
two significanl results' showing an increased risk: OR =3.9 
(CI: I .6 to 9.5) for=: 10 years since first ipsilateral use (based 
on 12 cases), and OR~ 3. I (Cl: 1.2 to 8.4) for~ 10 years of 
ipsilaternl use (based ~n 9 cases) [6]. The UK Hepworth et al. 
glioma study reporteiOR =I .24 (CI: 1.02 to 1.52) for:::: 10 
years of ipsilateral usd (based on 278 cases) [ 13]. 

If we examine Table 3 there is little difference between the 
parameters of these stUdies relative to the weighted average 
of all 11 studies. The)1SIU1 et al. ·acoustic neuroma study 
hod the third smallest control refusal rate (27.9%), yet the 
Hepworth et al. gliorrui study had the highest control refusal 
rate (65.5%). 

When the weighted averages are calculated without the 
LOnn (2005) and Hq)worth studies (see Table 3) the Dx 
years and the % of cases who used a cellphone for > 10 
years remained unchanged. However, the% of controls who 

-- refused topanicipate is 33.4% (from 40.7%). This is because 
the Hepworth study bas the hightest number of controls of 
any of the I I studies (1716 controls, 24% of all controls) and 
the h.ighest control refusal rate (65.5%) of the J 1 studies. 

Possibly the increaSed risk of brain tumors could be the 
result of laterality recall bias. Yet, as would be expected the 
ipsilateral DRs are greater than the contralateral DRs in all 

I 
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3 findings suggesting lhere was litl.le or no laterality recall 
bias. 

Of the remaining 9 Interphone brain tumor studies, 3 stud
ies had no cases that had used a cell phone for~ 10 years. and 
3 of the studies with cases that had used a cell phone for ~ l 0 
years did not repon laterality results (7.9.10]. The u;nit et al. 
study did find non-significant glioma increased risks for!: 10 
years since first ipsilaternl use and for ~ 10 years duration 
of"regular" ;psHateral use (OR= J.6. CJ: 0.8 to3.4,p=0.19, 
based on IS cases, and OR= 1.8,CI:0.8to3.9,p=O.l4, based 
on 14 cases, respectively), and similar increased meningioma 
risks were found for !: 10 years of ipsilateral use and ~ 10 
years duration of "regular" ipsilateral use (OR= 1.3, CI: 0.5 
to 3 .9, based on 5 cases, and OR= 1.4, Cl: 0.4 to 4.4, based on 
4 cases, respectively) (8]. Every Int.erphone Odds Ratio for 
~ 10 years of ipsilateral cell phone use reponed an increased 
risk (OR> 1.0). 

This' suggests that when the two highest exposures 
reported in the Interphone study are combined (!: 10 years 
of use and ipsilateral use)," the ·resultant increased risk off
sets the overall systelnic protective skew resulting from the 
Interphone Protocol's flaws, and an increased'risk is found 
in spite of the systemic protective skew. If true, whatever the 
reported risk, the actua1 risk (ftaws removed) is larger. 

r ·. • •. 

5. The independently funded Swedish studies led by 
Dr. Lennart Bardell 

These studies had virtually no industry funding and were 
entirely within a single-counuy: Sweden. Table 8 compares 
both sets of studies. Clearly the Interphone studies have more 
cases than the Harden studies. However, the Hardell studies 
have more cases that used a cellphone for to or moie years. 
Almost cenainly, the larger number of long-tenn users is 
because of the considerably longer diagnosis eligibility range 
(range of brain tumor diagnosis dates when cases are eligible 
to participate in a study). 

Because selection bias increases as the control refusal 
rate increases, lbe substantially smaller conlrol refusal rate in 
the Swedish studies mitigates against any significant selec· 
tion bias while the 3.6-fold larger lnterphone studies control 
refusal rates enhances the problem of selection bias. .· · 

The Swedish studies, with some exceptions: did not exam
ine risks in regions exposed to the cell phone's radiation plume 
(flaw 8), excluded cases who had died or were too ill to be 

Table & 
Comparison of lnteiphone studie,, and Swedish H udell studies. 

interviewed (flaw 9), and did not usc subjects' billing records 
(flaw 10). The ln!erphone studies had all 11 flaws but did 
include a portion of the cases that had died or were too il I to 
be interviewed (flaw 9). 

In contrast to the lnterphone studies results, which appear 
to be incredulous (i.e., 'use of a cellphone protects the user 
from a brain tumor), the Hardell team results are internally 
consistent if wireless phooes (cellphones and/or cordless 
phones) use is a risk of brain tumors. 

• The higher the cumulative hours of use, the bigber the risk 
[35]; 

• The higher the radiated power. the higher the risk (44]; 
• The higher lhe number of years since first usc, lhe higher 

the risk (351; 
• The higher the exposure (tumor on the same side of the 

head where the cell phone or cordless phone was held), the 
higher the risk [25,26]. and; 

• The younger the user, the higher the risk [29). 

6. Role of Industry 
. . 

There has been a long history of industry using "science" 
to counter findings of risk by industiy independent scientists 
r4s). Over many decades muJtiple industries have perfected a 
series of techniques used to diminish or delay effective action 
that is perceived as harmful to their interests [45 ) ... 

If we examine, the history of tobacco, ionizing radia
tion, asbestos, and more recently cellphones, we see there 
has been nn extraordinarily long time between first warn
ings (followed by many more warnings) and the eventual 
Public Health acknowledgement that there is a prob
lem (Tobacco: 1856--1964; Ionizing Radiation: 189.6-1998; 
Asbestos: 1911-1996; Cellphones: 1993-?) {461( 
6. /. Insufficient funding , 

' 
Argu11bly, inadequate funding of research projects is the 

most common reason why previous studies bad been unable 
to detect what was later seen as an obvious risk. Given insuf· 
ficient funding, many naive researchers accept the grant and 
proceed with the best possible study given the financing pro
vided. Here are two examples. 

At the 2005 meeting of the Bioelectromagnetics Society 
a study was presented of rats exposed to cellphone radiation. 

Study • .- . .. ..Tot&! cases . . . :::I 0 yeari of . . . Conu:ols . .. Participation refusal rate . .. . .. .. . Dx eligibility Industry fWJding Identified flaws 

Jn~apbone• 4378 
Hardcll 2159 

usc cases 

172 
289 

7229 
2162 

Cases Controls 

40.7'ib~ 
]1.3% 

• Based on II single-counlry lnterpbooe studies publisned to date (M~b 2009). 
b Wccighted-average of I J single counuy Inierpbone studies published to date (MIUcb 2009). 
< Wcighted·avcragc of two pooled studies, "benign" and malignant br4in tumors. 

tl.llge years 

2.69h 
6.00 

S6.1M+ 
so 

I to II 
8. 9.10 
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The study used 13 rats in two groups: 5 for cell phone radiation 
effects on rat brains, and 8 for cellphone radiation effects on 
rat skin f 4 7}. As would be expected, with sticb a small group 
of animals, no effects were found. When. the presenter was 
asked why she had used so few animals, she said France Tele
com had not given her sufficient funding louse more animals. 

A second example, is the lnterphone study, with more 
than €3.2 milJion ($!UM) of industry money for European 
research teams [27], and another.$1 million from the Cana
dian Wireless Telecommunications Association (CWTA) 
(40). The overwhelming majority of significant Intcrphone 
study findings found cellphone use protects the user from 
brain 'tumors. As discussed abOve, adequate funding could 
have eliminated or substan!iaJJy mitigated the numerous flaws 
that can account for this incredulous result. 

7. Pote~t.iaJ public health impact 

What is the potential public health impact if cellphone use 
induces brain tumors? The answer is we do not know, but it is 
possjbJe ro nla.ke a rough estimate based on information we 
have. We can use the CTIA cellphone subscriber data by year 
(48), and assume that there is a 30-year time delay between 
first cellphone use and the diagnosis of a brain tumor (latency 
time). We can also assume that 10% of long-term cellphone 
users will be diagnosed with a brain tumor, similar to 10% 
of long-term' smokers diagnosed with lung cancer. The result 
is Fig. I, which estimates the potentia! number of cellphone
induced brain tumors by year in the United States. Since Fig. I 
is based on a mathematic model, it can be legitimately chal
lenged (even by this author), and the numericaJ assumptions 
adjusted. However, this author finds the shape of the graph, a 
long time delay followed by a rapid increase in brain tumors, 
10 be highly credible. 

As can be seen in! Fig. t, for many years, only a minute 
number of cellphone-induced bruin tumors would be pre
dicted each year (in~sible on the scale of the graph). By 
2004, the most recent year US brain tumor diagnosis data is 
available there remains an imperceptible -1900 cellphone
induced brain tumorS. In 2004 the model calculates there 
would be about 1900. cel1phone-induced brain tumors out of 
-so.ooo brain tumo~ diagnosed that year [49]. By 2009 an 
increase can be seen in the graph (b~t the incidence of brain 
tumors would not be reported by the govenunent until20 13). 
After 2009 there is a very rapid increase. The model predicts 
there will be -380,000 cellphone-induced br.ain tumors in 
2019. . . : 

This would ove~helm the United States public health 
system. The cost of treating brain tumor patients is on the 
orderof$250,000p~patient (50]. This translates to a $9.58 
cost in 2019. Since this would also require roughly a 7-fold 
increase in neuroswieons within the next II years, surgery 
for the vast majority of cases would not be an option, so the 
estimated $9.5B cost would be for less due to lack of treatment 
resources. 

. i 
8. Preeautiooary ~ii~ple 

' ! 
Simply put, the' Precautionary Principle (PP) is a policy 

that says if there is some evidence. that a problem may exist 
and low, or no-cost remedial actions are possible, then these 
actions should be un~rtaken. Colloquially, we say, "Better 
safe than sorry." If cellphones induce brain tumors the poten
tial public health costs are large. There is also a simple action 
that can reduce the absorbecl cellphone radiation by several 
orders of magnitude. I 

Cellphone radiation decreases as the square of the distance 
from the phone. As a result even small changes in distance 

I 
Potential Yearly Cellphone-lnduced B1111n Tumors 

OellpiiOM41Hf<~eed 
S..ln Tumo.

l>y Y .. r{Milllona) 

Asaumlniia-30-Year Lltency Time and .10% of u •• ,.., 
· Dlagno.ed with a Brarn Tumor i · CellphOntl 

Sul>acnbers 
miUoono 

GA~--~----------------------------~------~------~~~0 1 Baaed on 10% of long-term smokers are dtagnoMd 
'· · with ti.ing.cancer 

u Soun;e USA C&Uphone SubtcribtrJ: CnA 
Sou"e brain tumor diaQnos&d '!' 2004: CBTRVS. 

0.3 -Estimated IBSUJ'IleS .2'11. annual population growth) 

0.2 

. 0.1 
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-~c.ooo D• 
- 1,900 from 

Gtltl phone use 
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Fig. I. Long-del~y followed by sudden onset of brain tumor epidemic. 
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have a dramatic effect. For example, when the speaker on the 
cellphone is placed to the ear, the cell phone is 2 mm from the 
head and if the cell phone is held 200 mm (100 times) from 
the head, this change in distance would re'Sult in a \0,000-fold 
reduction in the radiation absorbed by the head. 

With use of a headset (not a wireless headset) connected to 
a cell phone the cell phone is not held directly against the ear 
and thus the absorbed cellphone radiation could be reduced 
by several orders of magnitude. 

An appropriate PP action would be to mandate cell phone 
manufacturers to remove the existing cellphone speaker 
that is placed to the ear and replace it with a headset 
directly c01mected to the cellphone. The cost would be near 
zero (potentially a net cost savings): remove one cellphone 
speaker-add another speaker (AKA headset). 

9. Conclusions 

The industry-funded Interphone study h~. as~ured the 
public there is no risk of brain tumors from cellphone use. 
Yet, a closer analysis of the data leads to the incredulous 
conclusion that cellphone use protects tile user from brain 
tumors (p =6.2 X w-20). A more likely explanation of the 
data is that tbe studies were Hawed and th'at"there iS a· 
link between cellphone use and brain tumors. The Swedish 
team st~dies, indepe~de~i _o·f industry funding, .have reported 
increased brain tumor risk from cellphone use and cordless 
phone use. . . · 

The long history of corporate funded "science" delaying 
effective action against toxic agents, in some cases up to 100 
years. argues convincingly for application of the Precaution
ary Principle. This is especially true in light oftbe potentially 
enormous public health impact should cell phones be shown 
to cause brain tumors. 

The Precautionary Principle clearly applies in this case, 
since the problem is possible but not certain, and low cost 
ameliorating actions are easily implemented by uidustry. 
With over 3 billion people using cellphones, and with chil
dren among the heaviest users, it is time for governments to 
mandate precautionary measures to protect their citi~s. 
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Objective: Extremely low frequency (ELF) and radio frequency (RF) magnetic fields {MFs) pervade our environment. Whether or not 
these magnetic fields are associated with increased risk of serious diseases, e.g., cancers and Alzheimer's disease, is thus important when 
developing a rational public policy. The Bioinitiative Report was an effort hy internationally recognized sclentisrs who have spent significant 
time investigating the biological consequences of exposures to these magnetic fields to address this question. Our objective was to provide an 
unbiased review of lhe current knowledge and to provide our general and specific conclusions. Results: The evidence indicates that long-tenn 
significant occupational exposure to ELF MF may certainly increase the risk of both Alzheimer's diseiiSe nnd breast cancer. There is now 
evidence that two relevant biological processes (increased production of amyloid beta and decreased production of melatonin) are influenced 
by high Jong·tenn ELF MF exposur-e that may lead to Al:zhcimer's disease. There is further evidence that ooe of these biological processes 
(decreased melatoo.in production) may also lead to breast cancer. Finally, there is evidence that e~posutes to RF MF and ELF MF bave 
similar biological consequences. Conclusion: It is impol1allt to mitigate ELF and RF MF exposures through equipment design changes and 
eoviroomental placement of electrical equipment, e.g., AC/DC ttansformers. Further research related to lhese proposed and other biological 
procc sses is required. 
C 2009 Elsevier Ireland Ltd. All rights reserved. 
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1. Introduction 

In this review,. we emphasize (a) two proposed biologi
cal models "explaining" the apparent relationship between 
high, long-term exposure to extremely low frequency (ELF) 
magnetic fields (MFs) and Alzheimer's disease (AD), one 
of which also relates to breast cancer and (b) areas of bio
Jogical research needed lo confirm ~ refute these models. 
Prior to this discussion, we provide the conclusions from our 
detailed review chapter (Section I 2: Davanipour and Sobel 
(I)) in the Bioinitiative Report [2] related to epidemiologic 
research, which initially identified lhese relationships. We 
refer the reader to Section 12 and supporting, peer-reviewed 
papers for details of the epidemiologic studies discussed in 
that section. Other papers in this issue of Pathophysiology 
(e.g., on the stress response and DNA strand breaks) demon
strate that exposures to ELF MF and radio frequency (RF) 
MF oflen have the same bioJogkaJ consequences. 

l . . Epidemiologic studi~ presented in the 
Bioinitiative Report related to Alzbcimcr•s diSease 
and breast caneer 

The conclusions reached from our detailed review of the 
literature in Section 12 in the Bioinitiative Report (See refer
ences for URL) on long·tenn significant ELF MF expo~ure 
and Alzheimer's disease and breast cancer are provided below 
ll]. The section references below refer to sub-sections of 
Section 12 of the Bioinitiative Report. 

Melatonin production (Section II). Eleven of the 13 
published epidemiologic residential and occupational stud
ies are considered to provide (positive) evidence that high 
long-term ELF MF exposure can result in decreased mela
tonin production. The two negative studies had important 
deficiencies which may certainly have biased the results. 
Thus, there is sufficient evidence to conclude that long· 
term relatively high ELF MF exposure can result in a 
decrease in melatonin production. It has not been determined 
to what extent personal characteristics, e.g., medications, 
interact with ELF MF exposure in decreasing melatonin· 
production. · · · 

2.1. Alzheimer'sdisease 

Section I 2 of the Bioinitiative Report provides the details 
of the following conclusions. 

• There is initial evidence that (i) a high level of peripheral 
amyloid beta, generally considered the primary neurotoxic 
agent when aggregated, is a risk factor for AD and (ii) 
medium to high MF exposure can increase peripheral amy
loid beta. High brain levels of amyloid beta are also a 
risk factor for AD and medium to high MF exposure to 
brain cells likely also increases these cells' production of 
amyloid beta (Section illA). 

• There is considerable ,·, vitro and anima) evidence that 
melatonin protects against AD. Therefore, it is . cer
tainly possible that low levels of melatonin production 
are associated with 1111 increase in the risk of AD 
(Section IIIB). 

• There is strong epidemiologic evidence that long-term 
exposure to ELF MF is a risk factor for AD. There are seven 
studies of ELF MF exposure and 'AD that met our inclu
sion critena. Six of these studies are more of less positive 
and only one. is negati~e. The negative study has a seri
ous deficiency in ELF MF exposure classification which 
results in subjects· with rather low exposure being con
sidered as having significant exposure. Several published 
studies were excluded from further consideration due to 

· serious deficiencies, primarily diagnostic inaccuracy (e.g., 
use of death certificates for diagnosis of AD) and/or seri
ous exposure assessment problems. These latter studies 
likely bad risk estimated seriously biased towards the null 
hypothesis of no risk. It should be noted, however, that 
even some of these studies were positive (Sections IDC 
and ITID). 

2.2. Breast cancer· 

There is sufficient evideoce from in vitro and animal.stud
ies, from human biomarker studies. from occupational and 
light at night case-control studies, and the.only two longi
tudinal studies with appropriate collection of urine samples 
to conclude that high ELF MF exposure may certainly be 
a risk factor for breast cancer (Section IV). Note that at 
the time the Bioinitiative Report was made public, there 
was only one longitudinal study with appropriate collec~ 
tion of urine samples. There are now two such studies 
[3,4J. 

Seamstresses. Seamstress is, in fact, one of the most 
highly ELF MF eltposed occupations, with exposure levels 
,generally well above J 0 mG over a significant propor
tion of the workday. Seamstresses have been consistently 
found to be at higher risk of Alzheimer's disease and 
breast cancer. This occupation deserves specific attention 

· in future studies. We are unaware of any measurements 
of RF MF among seamstresses (Section V and throughout 
Section 12). · 

3. Biological hypotheses relating ELF MF exposure 
to Alzheimer's disease aud breast cancer 

1\vo biological hypotheses are discussed. The first one 
relates ELF MP exposure to increased amyloid beta (Af3) 
production and subsequent development of AD. The sec
ond one relates ELF MF exposure to decreased melatonin 
production. Decreased melntonin production apptarS to have 
differing deleterious consequences related to AD and breast 
cancer development. 
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3. J: ELF M F exposure and peripheral and brain 
production of amyloid b7ta (Fig . .1 j · - · 

. . . 
The ELFMF exposure and increased amyloi~ beta hypoth-

esis WllS developed by Sobel and Davanipour as a result of our 
initial findings that long-term ELF MF occupational exposure 
was a risk factor for AD (5] (see Fig. 1}. Seamstress was the 
most conunon occupation ~ong subjects with AD in the: five 
databases we investigated [6-8]. ELF MF exposure among 
seamstresses had not been measured prior to our 1995 study 
[6]. Beginning in 1994, we measured a very huge number 
of seamstresses working in either a factory setting or indi
vidually. Their exposures were very high, particularly when 
using an industria) sewing macb.ine. The highest exposures 
were, ho~ever, not _to the ~r_aj~. bec~use ~~motor on i~d~s
trial machines is located ac_ the_ knees. The motor or ACIDC 
transfonner in home sewing ma~hinc:s is _in the machine ~ 
located near the operator's chesc and right arm. This periph· 
era) exposure Jed us to consider how peripheral ELF MF 
e.xposute might be llSSOCiated With development Of amyloid 
plaques in the brain. 

Our biologically plausible hypothesis relating MF expo
sure to AD is based on the independent work of many 
researchers in ·several· different· fields. · Detaik and- refer
ences are provided in Sobel and Davanipour [5). Briefly, the 
hypothesized process involves increased peripheral or brain 
production of A~ as a resultofMF exposure causing voltage
gated calcium ion channels to be open longer than nonnal. 
This results in abnonnally high intracellular levels of calcium 
ions which in tum results in the production of All The result-

I 

. i . . ' . 
ing Aj3 is quickly se~ted into the blood. If perip~efl!l, the 
A~ is then transported ,to and through the bl~cJ-:brain b~er. 
perhaps best chaperon~ by the e4 isoform of apolipoprotein 
E {apoE}. (Note that thls might be one reason why the c4 
isofonn is a risk facto} for AD.) Fig. I provides a schematic 
outline of the hypothesis. Each step in the proposed pathway 
is suppotted by in vit,P .studies. 

At the time of publication of this hypothesis, no human 
studies related to this hypothesis had been conducted. There 
are now two groups ·that have published relevwlt studies, 
without appmntly ~Y knowledge of our hypothesis-or 
at least no reference 'to the hypothesis: (I) high levels of 
peripheral Al3l-42· th~ more neurotoxic version of A~. has 
been found to be a risk factor for AD !9.10]; acute expo· 
sure to ELF MF increases peripheral A~-[11]. Details may 
also be -found in th~ Bioi.nitiative Report (Section lliA) 
II J . - , . i . 

. I 

3.2. Melatonin-background 

i 
Melatonin is found in every cell of the body and readily 

crosses the blood-brain barrier. It scavenges reactive oxygen 
spedes (ROS) at both physiologic and pharmacologic con
centrations. In the literature, . "physiologic"' refers to blood 
level concentrations of melatonin, while ''pharmacolog.ic" 
indicates 2-3 orders! of magnitude higher- concentration. 
Recently, intracellular levels of melatonin, especially within 
the nucleus, have ~n shown to be naturally at "pharma
cologic" levels for ail cellular organelles studied to date 
(12,13]. I 

I· 
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Note: Dasfled lines lndicale studies directly relating ELF MF exposure. light·at
night or shift work. or lower melatonin production to breast cancer 
occurrence. Section references refer to Section 12 of the Bioinitiative 
Report (1]. 

Fig. 2. Oullinc of the evidence thai ELF MF exposure causes breast c111cer lhrough decreases in melatonin production-with &eetioo rderences 10 Sec lion 12. 
Bioiaitiative Report [I]. Note; DS$hed linea indict.tc iludies direcdy relating ELF MF exposure, ligbt·aHlight or dUfl work, or lower melatonin production lo 
bseast c111c:er occum:nce. 

3.3. Low ~latonin production and Alzheimer's distase 

Numerous in vitro and animal studies indicate that mela
tonin may be protective against AD and thus low or lowered 
melatonin production may be a risk. factor for AD. These 
studies have found that melatonin bas the foilowing effects:· 

• Inhibition of the neurotoxicity and cytotoxicity of Al3, 
including in mitochondria (14-19]; · · 

• Inhibition of the fonnation of ~)~pleated sheet strUctures 
and Af3.fibri1S !20-25J;· · · · · 

• Reversal of the protibrillogenic activily of apolipoprotein 
E e4, an isofonn conferring increased risk of AD (2 I}; 

• Inhibition of the oxidative stress in vitro and in tmnsgenic 
mouse models of AD, if given early [23,26,27], but not 
necessarily if given to old mice (28]; 

•. Increase in survival time in mouse models of AD f23}; 
• Reduction of oxidative stress and of pminflammatory 

cytok.ines induced by A~J-40 in' rat brain in vitro and in 
vivo 129-31 ]; 

• Decrease of the prevalence of Al' t-4o and A~t-42 in the 
brain in young and middle aged mice [32]; · · 

• Improvement of inemoiy 'and learning in rat models of 
AD pathology (33,34), but not necessarily in A(3-infused 
rat models [35]. 

Note that transgenic mouse models of AD mimic senile 
plaque accumulation, neuronal loss, and memory impair
ment. There have been several reviews, e.g., [36-39]. Thus, 
chronic low levels of melatonin production may be etiologi
cally related to AD incidence {4Qj, 

3.4. Low mela_tonin production and breast cancer 

See Fig. 2 for a diagram of the discussed relationships 
between ELF MF exposure and breast cancer risk. 

In vitro studies related to prevention of oxidative dll~Mge. 
Well over 1000 publications have found that melatonin neu-

tralizes hydroxyl radicais and reduces oxidative damage. For 
reviews see Tanet al. [4J)and Peyrot andDucrocq {42]. Mela
tonin has also been shown to ac·t synergistically with vitamin 
C. vitamin E and glutathione {43] and stimulates the antioxi
dant enzymes superoxide dismutase, glutathione peroxidase 
and glutathione reductase [44]. Funhermore, 

• melatonin neutralizes hydroxyl radicals more efficiently 
than does mtticed glutathione (45.46]; 

• melatonin reduces oxidative damage to macromolecules 
in the presence of free radicals (47.481 due at least to its 
free radical scavenging properties (49]; 

• melatonin increases the effectiveness of Other antioxidancs, 
e.g., superoxide dismuta.Se, glutathione peroxidase, and 
catalase [50-541; 

• melatonin has protective effects against ultraviolet and ion
izing rndiation [55-57]; 

• melatonin has been found to be a more potent protector 
froin oxi<Utive injury than vitamin C or vitamin E (micro
moles/kg) (for a review of the evidence, see: Tan et at. 
(43); 

• melatonin was also found in vitro to scavenge peroxyl radi
. cals more effeCtively than vitaniiil E,' vitamin Cor reduced 

ghJtnt¥one [58], although melatonin is not a very strong 
scavengerofperoxyl radicals [49]. 

Animal studies of melatonin and mammary tumor pre
vention. Several studies have found that melatonin inhibits 
the incidence of mammary tumors in laboratory animals 
either prone to such tumors or exposed to a carcinogen 
(e.g., [50-631). Tan et al. [64,65] found that melatonin 
at both physiological and phannacologicallevels protected 
Sprague-Dawley rats from safrole induced liver DNA adduct 
formation. Melatonin and retinoic acid appear to act syner
gistically in the chemoprevention of animal model tumors 
[66] and in vitro systems (67]. · 

Melatonin prevents oxidative DNA damtlge by 'estradiol 
and radiation. Karbownik et al. [68J found that melatonin 
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protects against DNA damage in the liver and kidney of male 
hamsters caused by estradiol treatment Several studies have 
found that laboratory animals are protected by melatonin 
from lethal doses of ionjzing radiation (e.g., (69-71 )). Vijay
alaxmi ec o.l. [70} and Ka.rbownik et al. {711 also investigated 
nwkers of oxidative DNA clatwlge and found significant 
decreases iri these markers in che melatonin treated animals. 

M~latonin: Scavenger of •on and Othu ROS. Mela
tonin is a powerful, endogenously produced scavenger of 
reactive oxygen species (ROS), particularly the hydroxyl rad
ical (•QH). Other ROS which melatonin scavenges include 
hydrogen perox.ide (HzOz), nitric oxide (NO"), pemxyni
trit.e anion (ONoo- ), hypochlorous acid (HOC!), and singlet 
oxygen (102) 150,72-75). "OH is produced at rugh levels by 
natural aerobic activity. ROS are also produced by various 
biological activities or result from certain environmental and 
lifestyle (e.g., smoking) exposures. "OH is che most reac· 
tive and cytotoxic· of the ROS [76}. "OH appears not to 
be removed by antioxidative enzymes, but is only detoxi
fied by certain' direct radical scavengers such as melatonin 
[77). 

4. Discussion IDd future resurcb 

Other papers iD this special issue of Pathophysiology pro· 
vide evidence chat RF MF exposure and ELF MF exposure 
may have similar biological consequences. 

We primarily limit our discussion of future research to 
studies in humans with experimental medicine components, 
emphasizing the latter. However, we initially discuss limiting 
exposures. 

It should be noted that Ei.F MF exposure may also be asso
ciated with other cancers. This may be because of the decrease 
in melatonin production and melatonin's varying antioxi
dant, anti-inflammation, and immune response enhancement 
properties. 

4.1. Epid~mio/ogic srudi~s 

The incidence rates of Alzheimer's disease and breast can
cer are increasing. These increases are certainly in pan due to 
our living longer, at least for AD. if not better lives. However, 
environmencal expOsures aie likely to play imporc..aDr roles. 
At the same time, ELF and RF MF exposure is becoming 
more and more common in our world. In our three pub
lished studies ofMF and AD, approximately 7.4-12.0% of 
the cases and 3.4-~ .3% of the controls had primary occu
pations associated with medi1.1m or high ELF MF exposure 
(6-8]: Many more subjects may have had exposures from 
sources generally not identified in epidemiologic studies, 
because individualized 'on-site' exposure assessment is usu
ally not feasible. We give two examples corning from 'onsite' 
inspections we have performed: a subject who had developed 
amyotrophic lateral sclerosis (AI..S) had spent many years 
with a 75 mG ELF MF exposure due to having his foot on 

I 
a deadbolt lock/unlock foot devise for his office door under 
hls desk; a subject who had developed AD who spent over 
25 years sitting at his home desk for at least 4 h per day in 
a chair backed up to a wo.ll with a fuse box directly on che 
other side of the waiJ. whlch produced a very high ELF MF 
exposure to his back ilnd head. (Note that there is also sig~ 
nificaot epidemiologic evidence tbat ELF MF exposure is a 
risk factor for ALS.) ;The frequencies of such exposures in 
studies are unknown. I 

As is often the cast more research is required. However. 
the designs of this future research should be informed and 
directed by the results 'or previous research. Future epidemio· 
logic studies should use subjects for whom it is unequivocally 
known that the ELF MF and/or RF MP exposure is rugh and 
matched subjects for whom such exposure is known to be 
low: Matching criteria should include age. gender, and resi
dentiaJ environment s0 as to at least partially exclude other 

' exposures. 
There should be additiono.l studies related to the levels of 

production of peripheral amyloid beta. particularly A~J-42. 
and melatonin. on the one hand, and both MF exposure 
and the risk of AD. on the other hand. Such studies need 
to be able to investigate the possible associations between 
peripheral amyloid ~ and melatonin levels and both ear
li~/c:oncurrent MF exposure and subsequent development of 
AD. Similar studies rieed to be carried out for breast can~ 
cer, excluding the amyloid beta component. This effort will 
likely require both re'trospective and longitudinal studies. 
There are only two kriown longitudinal studies (3,4] which 
collected urine samples at baseline so that overnight pre
morbid melatonin production was reliably estimated. These 
studies found an association between low melatonin pro
duction and breast cancer. These studies may aJso be able 
to provide important Additional infonnation if it is possi
ble to detennine MF 'exposures with reasonable accuracy 

l •• 

and follow-up AD status on a sufficient number of part!CI· 

pants. 1 
Case·control studies of melatonin as a risk factor for AD 

and breast cancer are hampered by the fact that biological 
sequelae of both AD and breast cancer result in o decline: of 
melatonin production io an unknown extent. (ln breast can
cer patients, there is a' melatonin production rebound when 
tumors are surgically removed. In AD patients, the produc
tion of serotorun, the precursor of melatorun, is decreased 
and norndrenergic n:gulation becomes dysfunctional (78).) 
However, melatonin production is partially under genetic 
control. We have conducted a study of relatively healthy 
members ofnuclearfamilies and melatonin production (DOD 
Congressionally Directed Medical Research Program Grant: 
DAMDI7-00-I-0692).iThe production of melatonin of the 
mother was successfully modelled as a function of the mela
tonin of a daughter, after adjusting for both the daughter's 
age and the influence of the father. This work allows for the 
design of case-control studies of the influence of long-tenn 
MF exposure on both melatonin production and the risks of 
breast cancer and AD. 
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4.2. ELF aM/or RF MF exposure mitigation 

It is also vital to mitigate both the extent of MF exposure 
and the effects of such exposure. Mitigation means efforts to 
both locate and shield or move the sources of MF away from 
individuals arid design equipment which produces lower lev
els of MF. Little effon has apparently been spent on design 
issue~. There are simple things that can be done. For exam
ple, almost all AC/DC transformers emit about 75 mG ELF 
MF fields. The exception, in our experience, has been a 
few transfonners for Apple laptops measured about I 0 years 
ago. AC/DC transformers are now everywhere, specifically 
under nnd around office desks and in nearly every room in a 
residence, often near the heads of beds. Mnx.imizing one's dis
tance from a trWlsformer is important, because the strength of 
the MF field drops off with the square or cube of the dislance 
from the source. . 

Seamstress is a very common profession and being a seam
stress is clearly a risk factor for AD and quite possibly for 
brenst cancer also. Seamstresses experience higher ELF MF 
exposure than members of almost any other profession. Older 
industrial sewing machines are extremely common all over 
the world. They produce extremely strong MFs, but it is pos
sible to design "covers" for the motor to interfere with these 
fields; much as .''headphones". can mitigate s~und waves. 
Newer computer driven home sewing machines produce MF 
because of the ACJOC transformer. These transfonners are 
placed in the arm of the machine, which results !n high MF 
exposure to the opemtor. Simply by connecting the trans
former to the machine by an electrical cord about tlutt or 
more feet from the operator would mitigate a significant 
percentage of the MF exposure. 

4.3. Biological mechanisms/experimental medicine 
research 

We argue lhat, to the extent possible, research should now. 
be conducted in humans. We list the following research ques
tions as important examples of studying the biological effects 
of ELF ~d/or RF MF exposure: 

I. Generation of peripheral amyloid beta 
a. Determination of intracellulllf Ca2+ ion concentration 

changes as a consequence of ELF o,r RF MF exposure. 
b. Measurement of the amount of Af3t-42 and A~l-40 

produced by and secreted from cells. 
i. This could be done at least by measuring blood lev

els of amyloid before and after ELF and/or RF MF 
exposure. 

ii. Perhaps there are more sophisticated experimental 
·designs. · ··· ·· ·- - ···• ··· · .. - ·· · ·· .. ·· •· 

c. Determination of which cell types in fact produce more 
llmyloid beta after or during ELF and/or RF MF expo
sure. 

d. Determination of the dose response relationship(s) 
betw~n ELF IUldlor RF MF exposure and cellular 
amyloid beta production. 

e. Measurement of the accumulation of amyloid beta in 
the brain, perhaps using PET scans [79,80]. 

2. Decrease in melatonin production 
Note: it is known that the pineal gland, the primary 

source of melatonin. has a tendency to become calcified 
and, perllaps, this is the reason why generally there is a 
~uction of melatonin production during aging. 
a. Determination of the extent of intracellular calcium 

within the pineal gland as a result of acute ELF and/or 
RF MF exposure. . · 

b. Determination of the extent of calcification . of the 
pineal gland as a result of varying levels of long-term 
ELF and/or RF MF exposure. 
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Abstract 

A number of papers dealing with the effects of modem, man-made electromagnetic fields (EMFs) on the Immune system are summarized 
iD the present review. EMPs disturb immune function lhrough stimulation of various allemic and lnfiammato_ry_respo_J]~~_s.. as well as effects 
on tissue repair processes. Such disturbances increase the risks for vllrious diseases, including cancer. These and the EMF effects OD other 
biological processes (e.g. DNA damage, neurological effects, etc.} are-~o;-wiiieiy reponed woccur at exposure levels significantly below 
most current national and international safety limits. O!lviously, biologically based exposure standards are needed to prevent disruptioo of 
nonnal body processes and pocen~ial adverse health effects of chronic exposure. . . I . . . . 

Based on this review, as well as the reviews in the recent BioiniliaLive Report [http://www.bioiniiiative.org/] (C.F. Blackman, M. Blank, M. 
Kundi, C. Sage, D.O. Carpenter. Z. Davanipour, D. Gee. L. Hardell, 0. Johansson. H. Lai, K.H. Mild, A. Sage, E.L. Sobel, Z. Xu. G. Chen, 
The Bioinitiative Report-A Rationale for a Biologically-based Public .Exposure SUmdard forEleCtromainetic Fl~lds (ELF and RF), 2007)1. 
it m~st be concluded that the existing p~~yji;;Jts-~iiia(jigua.te to pr-oteCt P~21ic heal_!!!, ·aJI(iih-afiiewpu~lic safety limits. as well as 
limits on further deployment of untested technologies, are warranted. - I . · 
C 2009 Elsevier Ireland LAd. All rights resuved. · I 
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I. Introduction 

Around the world, for a number of years, there has been 
an active debate involving the general public, scientists, jour
nalists, politicians, and people from the electric power and 
telecom compimies; all trying to answer the basic question: 
Is biology compatible with. the ever-increasing levels of elec
tromagnetic fields (EMFs)? Or. to put it in more layman's 
temis: Can we, as bUllllin beings, SUrvive all the radiation? 
ArC we built fof"a 24-h, whol~body irradiation life? Are we 
immune to these signills, or are we actUally playing with our 
planet's future, putting life at stake? The answers appear to 
be: No, WI!' are not tksignedfor such EMF exposure loads. 
We are not immune. We are gambling with our future. 

Very often the biggest threat from EMF exposure is said to 
be cancer. However, this is not the most horrifying scenario. 

• Tel.: +46 8 52487073; fax: -t-46 8 303904. 
E·l'lllil addrf!rs: olle.jQhan~on@lr.i.se. 

0928-46801$- &ee front mBtter C 2009 Elsevier ln:Jand Ltd. All rights reserved. 
doi: l 0.1 Ol61j.parhophys.2009.03.004 

Just imagine if some ~sic and general molecular and/or eel· 
lular mechanism were altered. For instance, imagine if one 
morning the nitrogen-binding bacteria in the soil or the honey 
bees in the air had been destroyed beyond repair. Or, as this 
paper will indicate, imagine if our immune system, trying to 
cope with the ever-incieasing electromagnetic signals. finally 
could not do so any longer! 

Is the immune system designed to deaJ with "allergens" 
never present bCfore, but now being invented, manufactured 
and used? Is it likely ~at our immune system, by some enor
mously intemgent 'glitch' in the evolutionary process has 
that capacity? Is that even remotely likely? Of course, not. 

The reconunended safe exposure levels have not taken this 
into account, since the existing standards are only, based on 
the immediate heating' of cells and tissues [most often evalu
ated in' ftuid:fill~d plastic· dolls!!. They certainly do not take · 
into considerntion Jong-tenn effects or non-thennal effects 
that occur before heating ~ be detected. Furthennore, the 
recommendations do not take into account all available sci-
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entific reports. The recommended exposure levels are not in 
any sense safe levels and are entirely inadequate. 

2. Basic concepts and components of the immune 
system 

The human immune system is part of a general defense 
barrier towards our surrounding environment. We l.ive in a 
biological system, Ute world, dominated by various mic~oor
ganisms, including microbes and viruses, many of which 
can cause harm. The immune system serves as the primary 
line of defense against invasion by such microbes. As we 
are, practically speaking, built as a tube, the outer surface 
- the skin - and the i!lnerrnost surface - the gastrointesti~ 
nal tract- are the major borders between us and the outside 
world. These borders must be guarded, protected and con
stantly ~paired .~ince any damage to them could be fatal. In 
addition to these major borders there are number of other 
organ/tissue interfaces at which cellular conduct is moni
tored. evaluated and dealt with 24 h around the clock. Damage 
that is not detected and properly repaired in time can develop 
into cancer; something well known for ultraviolet light over-
exposure. ·. . . ··· 

The s~and the mucous membranes are part of the innate 
or non-adaptive immune system. However, if these barriers 
are broken (e.g. afte~ cutling a finger), th'cn inicrobes, includ
ing. potenti~ J)athogens (i.e. harmful microbe~>' can ' eriter 
Ute body and begin to ~ultiply rapidly in the wami: moist, 
nutrient-rich environment. The cut may not be as abrupt as 
a knife cut, it could also very well be an internal leakage, 
such as the one found after microwave exposure of Ute frag
ile blood-brain barrier [2]. Such a leakage could indeed be 
fatal, causing nerve eell damage and followed by cellular 
death [3]. 

One of the fir5t cell types encountered by a foreign organ
ism after a cut in the skin is the phagocytic white blood 
cell. These ce11s congregate within minutes and begin to 
attack tbe invading foreign microbes. The next cell type 
to be found ~ ·lhe.area of such a local infection will be 
the so-called neutrophils. They are also phagocytic and 
use pattern-recognizing surface receptor molecules to detect 
structures commonly found on ·the surface of bacteria. As a 
result. these bacteria - as, well as other forms of particulate 
materials - will be inges!ed and degraded by the neutrophils. 
Various other protein components of serum, including the 
complement components may bind to the invader organisms 
and facilitate their phagocytosis, thereby furtlter limiting the 
source of infection/disease. Other smalf molecules, the inter
ferons, mediate-aii early' response to viciJ mfeetion by the 
innate system. 

The innate immune system is often sutlicient to destroy 
invading microbes. If it fails to clear an infection, it will 
rapidly activate !he adaptive or acquired immune response, 
which - as a consequence - takes over. The molecular 
messenger connection between the innate and the adaptive 

systems are molecules known as cytokines. (The interferons 
are part of this molecular family.) : 

The first cells in this cellular orchestra to be activated 
are the T~ and B-lymphocytes. These cells are normally 
at rest and are only recruited when needed, i.e. when 
encountering a foreign (=non·self) entity referred to as an 

. antigen. The T- and B-lymphocytes, together with a wide 
spectrum of other cell 1ypes, have antigen receptors or 
antigen-recognizing molecules on their surface. Among them 
you find the classical antibodies (=B-eell Bllligen recep
tors), T-cell antigen receptors as well as the specific protein 
products of special genetic regions (=the major histocom
patibility complexes). The genes of humans are referred to 
as human leukocyte antigen (HLA) genes and their protein 
products as HLA molecules. The antibodies - apart from 
being B-cell surface receptors - are also found as soluble 
antigen-recogniz.ing molecules in the blood (immunoglobu· 
lins). The adaptive immune response is very highly effective 
but rather slow; it can take 7-10 days to mobilize com
pletely. It has a very effective pathogen (~on-sel.f) recognition 
mechanism, a . inoleculai memory and can improve its 
production of pathogen-recognition. molecules during : Ute 
response. . . .. . 

A particularly interesting set of cells are lhe various 
dendritic cells of the skin as . well as elsewhere. 'In the 
outermost cutaneous portion,· the epidermis, you find boUt 
dendritic melanocytes, the cells responsible for the pigment
production, as well as the Langerhans cells with their 

. antigen-presenting capacity. In the deeper layer, the dermis, 
you find corresponding cells, as well as the basophilic mast 
cells, often showing a distinct dendritic appearance using 
proper markers such as chymase, tryptase or histamine. All 
these cells are the classical reactors to external radiation. 
such as radioactivity, X-rays and UV light. For that rea
son, our demonstration [4] of a high-to-very high number 
of somatostatin-inununoreactive dendritic cells in the skin 
of persons with the functional impairment electrohypersen
sitivity is of the greate~t importance. Also, the alterations 
found in the mast cell population of normal healthy vol
unteers exposed in front of ordinary household TVs and 
computer screens [5] are intriguing: as 'are the significantly 
increased number of serotonin-positive mast cells in the skin 
(p < 0.05) and neui-Op~prl·d·e tYrosine' (NPY)-containing nerve 
fibers in the thyroid (p < 0701) of rats exposed to extremely 
low-frequency electromagnetic fields (ELF-EMF) compared 
to controls. This indicates a direct EMF effect on skin and 
thyroid vasculature [[6-Sj; for further details and refs., see 
below].ln the gastrointestinal tract, you will find correspond
ing types of cells guarding our interior lining against we 
ouiside world. · · 

The immune system can react in an excessive manner and 
it can cause damage to the local tissue as well as generally 
to the entire body. Such events are called hypersensitivity 
reactions Wld they occur in response to three different types 
of antigens: (a) infectious agents, (b) environmental distur
bances, and (c) self-antigens. The second one is, as you will 
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see, of utmost importance when we discuss the impac1 of the 
new electromagnetic fields of today's world. 

For environmental substances to trigger hypersensitivity 
reactions, they must be fairly small in order to gain access 
to the immune system. Dust triggers 11 range of responses 
because the particles are able to enter the lower extremi· 
ties of the respiratory tract, an area that is rich in adaptive 
immune-response cells. These dust particles can mimic para
sites and may stimulate an antibody response. If the dominant 
antibody is IgE, the particles may subsequently trigger imme
diate hypersensitivity, which is manifest as aJiergies, such as 
asthma or rhinitis. If the dust stimulates IgG antibodies, it 
may trigger a different kind ofbypersensitivity. e.g. farmer's 
lung [9). 

Smaller molecules sometimes diffuse into the skin and 
these may act as haptens, triggering a delayed hypersensitiv
ity reaction. This is the basis of contact dermatitis coused by 
nickel [9). 

Drugs administered orally, by injection or onto the surface 
of the body can elicit hypersensitivity reactions mediated by 
IgE or IgG antibt:xlies or by T-cells. Immunologically medi· 
ated hypersensitivity reactions to drugs ore very common and 
even very tiny doses of drugs can trigger life-threatening reac
tions. These m weU classified as idiosyncratic adverse drug 
reactions. 

In this respect, electromagnetic fields could be said to fulfil 
the most important demand: they penetra~e the entire body. 

The hypersensitivity classification system was first 
described by Coombs and Gell (cf. ref. 10]. The system 
classifies the different types of hypersensitivity reaclion by 
the types of immune responses involved. Hypersensitivity 
reactions nre reliaot on the adaptive inunune system. Prior 
exposure to antigen is required to prime the adaptive inunune 
response to produce lgE (type I), IgG (type II and ill) or 
T-cells (type IV). Because pri()r exposure is required, hyper
sensitivity reactions do not take place when an individual is 
first exposed to aotigen.ln each type ofhypersensilivity reac
tion the damage is causerl by different adaptive and innate 
systems, each of which has its respective role in clearing 
infections. 

In essence, the immune system is a very complex one, built 
up of a large number of cell types (B- and T-lymphocytes, 
macrophages, natural killer cells, mast cells, Langerhans 
ceJis, etc.) with certain basic defense strategies. It has evolved 
during an enormously long time-span and is constructed to 
deal with its known enemies. Among the known enemies 
one will not find modem electronuJgnetic fields, such as 
power-frequency electric and nuJgnetic fields, rodiowaves, 
TVsignals. mebile.phoM or WiFi microwaves, radar signals, 
·x~rays-or ariifiCial riidioaciivity. They-h~ve been introduced 
during the last 100 years, in many cases during the very last 
decades. They are 1111 entirely new form of exposure and could 
pose to be a biological "terrorist army" ogainst which there 
are no working defences. They penetrate the body, and some 
have already proven to be fatal. Today no-one would consider 
having a radioactive wrist wotch with glowing digits (as you 

could in the 1950s), having your children's shoes fitted in 
a strong X-ray machi~e (as you could in the 1940s), keep
ing radium in open trays on your desk (as scientists could 
in the 1930s), or X-raying each other at your garden party 
(as physicians did in the 1920s). In reuospect, that was just 
plain madness. Howe~er. the persons doing so and selling 
these gadgets were not misinformed or less intelligent. The 
knowledge at the time ~as deficient. as was a competent risk 
analysis coupled to a ~arallel analysis of public needs. 

3. Electromagnedc fields - now and previously 
I 

The electromagnetic spectrum covers a broad range of fre
quencies (over 20 orders of magnitude), from lo~ ~uencies 
in electricity supplies,'radiowaves and microwaves, il\frared 
a~(fv{~fbie . ifght, "i~J(~y~ -;~~~Q~~yiry. ~4-.c.osmi~-rays. 
Electromagnetic fields are present everywhere in our environ
ment, and except for the visibie spectrum. they are invisible 
to the human eye. 

An electromagnetic field consists of an electrical part 
Wld a milgoetic part,! The electrical part is proouced by 
a voltage gradient ' and is measured in . volts/metre. The 
~gnetic part is generated by any flow of .cun:em and is 
measUred in Tesl~. Magrietic fields as· low as around 0.21.1. T 
(a milHonth of a Tesla) cin · produce biological effects. 
For comparison, using a mobile (cell) phone or a · PDA 
exposes you to magnetic pulses that · peak at several tens of 
microTesla [ 11,12], which is well over the minimum needed 
to give harmful effects. Because 'mobile 'phones and other 
wireless gadgets are held close to the body- and are used 
frequently, these-·deviees. are potentiaJiy the mOst dangerous 
sources of electromag;.etic radiation that the average person 
possesses. : 

Even the extremely.low frequencies (ELF) that are widely 
used in powci-iines nnd.domestic appliances should be viewed 
with caution. In June 2007, the World Health Organiza
tion (WHO) pointed out that they ore believed to be one 
of the causes for children's leukemia. Pulsed or amplitude
modulated, at" a biologically a.Ctive lower frequency (i.e. 
when the radio signal· strength rises an·d falls in time with 
the lower frequency):· high frequencies are the hallmark of 
mobile phones, WiFi ~ystems. PDAs, etc.· At radiofrequen
cies, electric and riJtgi;etic fields are closely interrelated and 
we typically m·easure their levels' as power 'densities in Wans 
per square metre (W /m2) . 

i 
' 

4. Electromagnetic fields aod health 
; 

Life on Earth; sin~ its begiMing more than 3.5 billion 
years ago. has develo~ under the influence of the practically 
static geomagnetic field and the radiation from the sun. All 
Jiving organisms that have not been able to directly cope with 
these influen<:es are either gone or have adapted in one of 
several ways. Living under-ground, only being active during 
night, Jiving in the deel>er waters (at least from I m lllld down 

1:'. 
J ' , .. 
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below) of our oceans and lakes, under the foliage of the jungle 
trees, or having developed a skin (or, for plants, a cortex) 
containing a pigment (ani~als and plants have very similar 
ones) that will shield from some heat and some sunshine. 
Any fair-skinned Irish or Scandinavian person learns very 
early to avoid even the bleak sun up-north to avoid a nasty 
sunburn. That sunburn will develop into a postinflammatory 
hyperpigmentation, that may have cosmetic_ value, but will 
also cause- a redness of the skin as well as heat and pain/itch 
sensations. 

But, during the l<~.st I 00 years we have found that the pig
ment in our skin does not furnish any protection against other 
frequencies. Cosmic rays, radioactivity, X-rays, WC, UVB 
and now even UVA are considered, together with radar-type 
microwaves to be very· dangerous to health. We lire translu
cent to power-frequency magnetic fields ~ well ai mobile 
phone and WlFi microwaves, but this does not mean that they 
are without possible effects, through thermal or ncin-thernlaJ 
mechanisms. 

For me, as a scientist, this poses the main relevant ques
tions: Is-it p~ssible t.o adapt our biology to altered exposure 
conditi~ns' in less than I 00 years, or do we ha~e to hiwe ihou
sands of years'~~·; longer- for such an adaptation? And: in 
the meantime, what kind of safety standards must we adopt? 
A 'prudent.nvoidance' strategy,' ALARA, recommendation 
levels based only on thermal e~ects~ or is the. only~ actual. 
safe safety level for such exposures 0 (zero) WanSilcif until 
we really know? Or is :·human progress". profit and greed 
more important than possible damage to.oui ~ealth? How far 
can we push the Russian roulette? And who should decide 
about this? Who should be held responsible if something goes 
wrong? · 

Our limited understanding of the biological effects of 
the vast majority of frequencies gives reason for concern. 
Although there is still a debate in this regard, tirmitw, brain 
tumours cmd acoustic neuroma clearly are associated with 
celf phones and mobile phones, as is childhood leukemia 
with powerlines (for references, see Blaclonan et al. [l ]). 

Communications and radar antennae· expose those who 
live or work near these inscallations to their emissions. The 
radiation tra~els thi'ough buildings, andean also be conducted. 
along elec:~~ o;m~ia1 pl~m"bing. Wir~less communi

-cationicre:ate·levels withi; buildings'that ar~ many orders of 
rnagrutude higher_ than natuTai background ievels. The. saine 
is true for appliances using power frequencies. 

There are four phenomena that emerge from the use of 
electricity: ground cwrents; "electromagnetic smog" from 
communications equipment; electric and magnetic fields 
from power supplies and specialized equipment; and high fre
quencies on powerlines or so<alled "dirty'eleetricity". They 
may all be potential environmencal toxins and this is an area 
of research that must be further pursued. 

It is worth noting that off-gassing of electrical equip
ment may also contribute to sensitivities. Different sorts 
of technology (e.g. various medical equipment, analogue 
or digital telephones; fiat screen monitors and laptop com-

puters or larger older monitors) may vary significantly in 
strength, frequency and pattern of electromagnetic fields. 
One challenging question for science is to find out if, for 
instance, 50- or ®-Hz ELF pure sine wave, square waves 
or sawtooth waveform. ELF-dirty (e.g. radiofrequencies on 
powerlines}, ELF-modulated radioirequency fields, continu
ous wave radiofrequency radiation and particularly pulsed 
radiofrequency signals are more or less bioactive, e.g. as 
neurotoxic, immune-disrupting and/or carcinogenic environ
mental exposure parameters. As will be discussed below. 
hazardous effects on the immune system of this potential 
environmental toxin must be seriously considered. 

5. Effects of electromagnetic fields on the bnmune 
system . 

An ever-increasing number of studies has clearly shown 
various biological and medical effects at the celhilar level 
due to electromagnetic fields, including JXlWer-frequency, 
radiofrequency and microwaves; Such fields are -present in 
everyday ·life, at the .workplace, in homes and places of 
leisure. . 

5.1. The functional i~innent eleclrohyper.sensitivity 
(EHS) - - --- - -- --- . -- - .. . 

One of the first observations of a direct effect on the 
immune system was the finding in the 1980s of persons with 
the functional impairment electrohypersensitivity (EHS), 
namely those who claim to suffer from subjective_ anJ.!_ 
o_!)j~_t!vJ:_sJtin:.and mucosa-related.symp_~o~.~.h as itc.~ · 

· -s~1!:fting, pain, heat sensation, ~ess, pap_ules, pustles, ~tc., 
after exposure to visual display teiminals (VDTs) •. mQbile 

. phones, DECT. telephones, WiFi equipments, as well as other 
electromagnetic devices. Frequently. symptoms from inter
nal organ systems, such as the heart and the central nervous 
system, are also encountered [13]. 

Persons with EHS experience faci.al skin symptoms (sen
sory sensations of the facial skin including stinging, itching, 
burning, erythema, rosacea), ey.~_irri~tiol), runny or stuffy 
nose, impaired sense of smel( hoarse dry throat, coughing, 
sense of pressure in ear(s), tinnitus, fatigl!e, h~'!~che, "heav
iness" in the head, sleeplessness, nausea/dizziness, ~~c 
SYJ!!Ptt?ms and dif!iculties in concentrating. In the Cox [I 4] 
repon on electrical hypersensitivity in the United Kingdom, 
mobile phone users' symptoms included headaches (85%), 
dizziness (27% ), fatigue (24% ), nausea (15% ), itching (15% ), 
redness (9%), burning (61%), and cognitive problems (42%). 
For· th"ose"individuals reporting EHS symptoms in the UK 
population. the P.!:rcentage of pc_:[JOJIS-with·s-ymptomsfrom 
cell phone masts~8%-:-o~_cQn1Iess .phones _(36%). 
13F.~J~.P.!!9J!!!SJ~.?"),_VDTs .(27%), television (12%) and 
fluorescent lights (18%).1n addition, Fox [I 5] reported that a 
questionnaire survey of EHS individuals revealed symptoms 
of nausea, and of dizziness/disorientation. 
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Levallois et al. [l6) in 2002 . .reponed on their study of 
prevalence of self-perceived hyperSensitivity to EMF in Cal
ifornia. They f.Q!!llil.lbat_ab~t ~% of_the pop11lation reports. 
to be electrohypersensitive. About 0"5% .!Jf th~ p_opulation 
!9!.._ort_ed the ~ssily to change jobs or remain unemployed 
d,uc_to the severity of their symptoms. Underestimation of 
these percentages is discussed, since the population sur
veyed was found through contact witll either an occupational 
clinic or a support group, and electrohypersensitive people 
very frequently cannot engage in normal outings (go out, 
tmvel, meet in buildings with EMF eltposures, etc.). lbe 
study concludes that while tllere was no clinical confirma
tion of the reported symptoms of electrohypersensitivity, 
the perception is of public health importance in California, 
and North America. The results were based on a telephone 
survey among a sample of 2072 Californians. Being •aller
gic or very sensitive" to getting near electrical devices was 
reported by 68 subjects resulting in an adjusted prevalence 
of 3.2% (95% confidence interval: 2.8-3. 7). Twenty-seven 
subjects (1.3%) reported sensitivity to electrical devices 
but no sensitivity to chenticals. Alleging that a doctor 
bad diagnnscd.:.'environmeDtal iiJn_e.§s_ounultiP.Ie chemical. 

) sensitiYi.tYJas.the stronge~t predictor of rep<)!ting being __ 
' hj'Jl~~nsitiveto EMF in this population (adjusted prevalence 

odds ratio= 5.8, 95% confidence intervo.l: 2.6-12.8). This 
study confinns the pruence of this self-reported disability in 
North America. 
A~~ G~_an survey 117] suggests that the prevalence 

of subjects who attribute health complaints to EMF expo· 
sures is not negligible. In a snmple of 2500 interViewees. 8% 
specifically attributed hcaltll complaints to exposu.res ~ 
mobile phone base SUition anlen!Jas or the usc of mobile or 
oordless phones. In Sweden, 3.1~ofthe population daimed 
to be hypersensitive to EMF. Considerable variation across 
countries, regions within countries, and surveys in the same 
regions has been noted before. In 1997, the European Group 
of Experts reported that electrical hypersensitivity had n 
higher prevalence in Sweden, Gennany, and Denmark than 
in the United Kingdom, Austria, and France. All these data 
suggest that the true number is still uncertain and requires 
further research (cf. Schilz et al. (18]). 

Roosli et al. (I 9,20] estimate that the proponion of individ
uals in S_witzerland with EHS symptoms is about_59V. wllere 
the exposures of concern are cited to be mobile phone base 
stations (74%), followed by mobile phones (36%), cordless 
phones (29%), and powerlines (27%). They reported that 
about half the Swiss population is concerned about health 
effects from EMF exposures in general. 

The WHO has acknowledged the condition of electro
hypersensitivity, and published in 2006 a research agenda 
for radiofrequency fields. The WHO recommends that peo
ple reporting sensitivities receive a comprehensive health 
C\'aJuation. It states: "Some studies suggest that certain phys. 
iological responses of EHS individuals tend to be outside 
the normal range. In particular, hyperactivity in the central 
nervous system and imbalance in the autonomic nervous sys-

tern need to be followed up in clinical investigations, and 
the results for the individuals taken as input for possible 
treatment". Studies of individuals with sensitivities ought 
to consider sufficient acclimatization of subjects as recom
mended for chemical sensitivities, as well as recognition of 
individuals' wavelength-specific sensitivities. Reduction of 
electromagnetic radiation may ameliorate symptoms in peo
ple with chronic fatigue. 

Lyskov et aJ. [2 I) in 2004 reporu:d tbat EHS individuals 
exhibited sensitivity to VDTs, fluorescent lights and televi
sion, all of which produce flickering light. EHS individuals 
who were given provocation tests with flickering light exhib
ited a higher critical flicker frequency (CFF) than nonnal. and 
their visual evoked potential (VEP) was significantly higher 
tllan in controls. In follow-up studies, individuals with EHS 
demonstrated increased CFF, increased VEP. in~ed heart 
rate, decreased heart rate variability (HRV) and increased 
electrodennal (EDA) reaction to sound stimuli. These results 
indicate an imbalance in the autonomic nervous system and 
n lack of nonnal circadian rhythms in tllese EHS individu
als. (N.B. It may just show that they feel ill. It is very hard 
for me to understand how sensitivity to flickering light could 
account for EHS in conjunction with e.g. mobile phones and 
base Stations.] 

Mueller and Schierz [22}, also in 2004. reported that 
soundness of sleep and well-being in the morning, but not 
sleep quo.lity. were affected by overnight EMF eAposu.re in 
EHS individuals. An effect was reported where EHS indi
viduals shifted their position in the bed during sleep to the 
non-exposed (or probably less exposed) side of tile bed, 
something which may have strong implications for disease 
development (cf. Hallberg and Johansson, submitted). 
_ M~k.ovb et aJ. (23) reported that non-thermal microwave 

exposure from global system for mobile communication 
(GSM) mobile telephones at lower levels than the Interna
tional Commission for Non-Ionizing Radiation Protection 
(ICNIRP) safety standards affect 53BPI and -y-H2AX foci 
and chromatin conformation in human lymphocytes. lbey 
investigated effects of microwave radiation of GSM at differ
ent cllllier frequencies on human lymphocytes from healthy 
persons and from persons reporting hypersensitivity to EMFs. 
They measured the changes in chromatin conformation, 
which are indicative of stress response and genotoxic effects, 
by the method of anomalous viscosity time dependence, and 
analyzed tumour suppressor p53-binding protein I (53BPI) 
and phosphorylated histone H2AX (oy-H2AX), which have 
been shown to co-localize in distinct foci with DNA double
strand breaks (DSBs). using immunoftuorescence confocal 
laser microscopy. lbe authors reported that microwave 
exposure from GSM mobile telephones llffect chromatin con
formation and 538Pli"Y-H2AX foci sintilar to heat shock. 
For th~: fU"St time, they reported that effects of microwave 
-ra<_tiation from mobile telephones on human lymphocytes 
are depen~t on c~er frequency. On average. the same 
response was observed in lymphocytes from hypersensitive 
and healthy subjects. N.B. These effects occurred at non· 
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thermnl microwave exposun l~els from mobile telephones 
that are permissible un.der safety standards of /CNJRP! 

The same group after having described frequency
dependent effects of mobile phone microwaves (MWs) of 
GSM on human lymphocytes from EHS persons and h~thy 
persons (see above), went ahead asking themselves this: Con
uary to GSM, universal global telecommunications system 
(UMTS) mobile phones emit wide-band MW signals. Hypo
thetically, UMTSMWs may result in higher biological effects 
compared to GSM signals because of eventual "effective" 
frequencies within the wideband. Based on this hypothesis 
they have very recently reported for the first time that UMTS 
MW s affect chromatin and inhibit formation of DNA double
strand breaks co·-localizing 53BP l/'Y-H2AX DNA repair foci 
in human lymphocytes from hypersensitive and healthy per., 
sons and confirm that effects of GSM MWs depend on carrier 
frequency [24]. Remarkably, the effects of MW son S3BP li'Y
H2AX foci persisted up to 72 h following exposure of cells, 
even longer than the stress response following heat shock. 
The data are in line with the hypothesis that the type of sig
nal, UMTS MWs, may have higher biological efficiency and 
possibly larger health risk effects compared to GSM emis
sions. No significant differences in effects between groups of 
healthy and hypersensitive subjects were observed, except for. 
the effects ofUMTS MWs and GSM - 915 MHz MWs on the 
formation of the DNA repair foci, which were different for 
hypersensitive (p < 0.02[53BP1 ]//0.0 I [ -y-H2AX)) ~ut not for 
control subjects (p > 0.05). The non-parametric statistics used 
here did n01 indicate specificity of the differences revealed 
between the effects of GSM and UMTS MWs on cells from 
hypersensitive subjects and more data are therefore needed 
to study the nalure of these differences. 

5.2. EHS as radiation damage/the mast cell hypothesis 

Persons claiming o.dverse skin reactions after having been 
exposedtooomputerscreensormobilephonescouldbereact
ing in a highly specific way and with a completely correct 
avoidance reaction, especially if the provocative agent was 
radiation and/or chemical emissions- just as you would do 
if you had been exposed to e.s. sun rays; X-mys, radioactiv- . 
ity or chemicals. My working hypothesis, thus, became that 
they react in a cellularly correct.way to the electtomagnetic 
radiation. maybe in concert with chemical emissions such 
as plastic components, flame retardants, etc., something later 
focussed upon by professor Denis l.. Henshaw and his collab
orators at the Bristol University f25.261. This is also covered 
in great depth by the author Gunni NotdstrlSm in her latest 
book f27]. 

Very e'arly, immune cell alterations were observed when 
exposing two EHS individuals to a TV monitor 14]. In this 
anicle, we used an open-field provocation, in front of an ordi
nary TV set, of persons regarding themselves as suffering 
from skin problems due to work at video display tenninals. 
Employing immunohistochemistry, in combination with a 
wide range of antisera directed towards cellular and neu-

rochemical markers. we were able to show a high-to-very 
high number of somatostatin-immunoreactive dendritic cells 
as well as histamine-positive mast cells in skin biopsies from 
the anterior neck taken before the start of the provocation. 
At lhe.end of the provocation the high nwnber of mast cells 
was unchanged, however. all the somatostatin-positive cells 
hod seemingly disappeared. This latter finding may be due 
to loss of immunoreactivity, increase of breakdown, etc. The 
high number of mast cells present may explain the clinical 
symptoms of itch, pain, edema and erythema. 

In facial skin samples of e!octroh~ensitive persons, 
the most common finding is a profound increase of mast 
cells as monitored by various mast cell markers, such as his
tamine. chymase and tryptase [28}. From these studies, it 
is clear that the number of mast cells in the upper dermis 
is increased in the eloc~hypersellSitivity group. A different 
pattern of mast cell distribution also occurred in the elec
trOhypersensitivity group, namely, the nonnally empty zone 
between the dermo-epidennal junction and mid-to-upper der
mis had disappeared in the electrohypersensitivity group and. 
instead, this zone had a high density of mast cell infiltra
tion. These cells also seemed to have a tendency to migrate 
towards the epidermis (=epidermiotrophism) and many of 
them emptied their granular content (=degmnulation) in the 
dennaJ papillary layer. Furth~nnore, more degranulated mast 
cells could be seen 4J the dermal reticular layer in the eloc
IJ'Ohypersensitivity group, especially in those cases dtowing 
mast cell epidermiotrophism. Finally, in the electrobypersen
sitivity group. the cytoplasmic granules were more densely 
distributed and more strongly stained than in the control 
group; and, generally. the· size of the infilttating mast cells 
was found to be larger in the electrohypersensitivity group as 
well. It should be noted, that increases of similar nature were 
demonslrated later on in an experimental situation employ
ing normal healthy volunteers in front of visual display units. 
including ordinary television sets [5]. 

Mast cells, when activated, release a wide range of medil!.
tors, among them histamine, which is involved in a variety of 
biological effects with clinical relevance, e.g., allergic hyper~ 
sensitivity, itch, edema. locaJ erythema. and many types of 
dermatoses. From the results of the cited studies, it is clear that 
electromagnetic fields affect the mast cell and the dendritic 
cell population, and may degranulate these cells. 

The release of inflammatory substances, such as his
tamine, from mast cells in the skin results in a local erythema. 
edema, and sensation of itch and pain, and the release of 
somatostatin from the dendritic cells may give rise to sub
jective sensations or ongoing inflammation and sensitivity to 
ordinary light. These are common symptoms reported from 
persons ·suffering from EHS/sereen -dermatitis. Mast cells 
occur in the brain 1291 and their presence may, under the 
influence of EMF and/or radiofrequency radiation exposure 
lead to a chronic infiatnm:1tory response by the mast cell 
degranulation. 

Mast cells are also present in the bean tissue and their 
locruization is or panicular relevance to their function. Data 
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from studies made on interactions of EMF with cardiac func
tion have demonstrated that changes are present in the bean 
after exposure. Some electrically sensitive people have symp
toms simiJnr to heart attacks or sttong heart palpitations after 
exposure to EMF. 

We have also, in more detail, compared facial skin 
from EHS persons with corresponding materia1 from normal 
healthy volunteers [30}. The aim o'rthe study was to evaluate 
possible markers to be used for future double-blind or blind 
provocation investigations. Differences were found for the 
biological markers calcitonin gene-related peptide (CGRP). 
somatostatin (SOM). vasoactive intestinal polypeptide (VIP), 
peptide histidine isoleucine amide (PHI), f".'PY, protein S-100 
(S-100), neuron-specific enolase (NSE), protein gene prod
uct (PGP) 9.S and phenylethanolamine N-methyltransferase 
(PNMT). The overall impression in the blind-coded mate
rial was such that it turried out easy to blindly separate the 
two groups from each other. However. no single marker was 
100% able to pin-point the difference, although some were 
quite powerful in doing so (CGRP, SOM, S-1 00). ln our on
going investigations, we have also found a1terations of the 
Merkel cell number in the facia] skin of electrohypersensitive 
persons (Yoshimura et al., in preparation). However, it has to 
be poinced out that we cannot draw any definitive conclusions 
about the cause of the changes observed, based upon those: 
results. Blind or double-blind provocations in a controlled 
environment (5) are necessary to eluci®te the underlying 
causes for the changes reponed in this particular investiga· 
tion. So far, unfortunately,] and my co-workers have not been 
able to attract funding for such studies. · 

Gangi and Johansson (31.321 have proposed models for 
bow mast cells and substances secreted from them (e.g., 
histamine, heparin, and serotonin) could explain sensitivity 
to EMF similar to those used to explain UV- and ionizing 
radiation·related damages. We discuss the increasing n\Ullber 
of persons who report cutaneous problems as well as symp
toms from certain internal organs, such as the central nervous 
system and the heart, when being close to electric equip
ment. Many of these respondents are users of video display 
terminals, and have both subjective and objective skin- and 
mucosa-related symptoms, such as pain, itch, heat sensation, 
erythema; papules, and pustules. The nervous systcm-deri ved 
symptoms are, e.g.:dizziness, tiredness, and headache, ery
thema. itch. heat sensation. edema, and pain whlch are also 
common symptoms of sunburn (UV dennatitis). Altemtions 
have been observed in cell populations of the skin of EHS 
persons similar to those observed in the skin damaged due to 

UV light or ionizing radiation. 
Dr. Shabnam Gangi and I, in two theoretical papers 

[31.32]: have pin forWard a model for now mast cells'and· 
substances secreted from them could explain sensitivity to 
EMF. The model starts from known fncts in the fields of 
UV- and ionizing radiation-related damages. and uses aU the 
new studies dealing with alterations seen after e.g. power fre
quency or microwave EMF to propose a simple summarizing 
model for the phenomenon of electtohypersensitiviry. 

Mast cells are abl~ to secrete an array of potent medi
ators which may orchestrate neuroinftammation and affect 
the integrity of the biood-brain barrier. The "cross:talk" 
between mast cells, lymphocytes, neurons and gtia consti
tutes a neuroirnmune 'axis wruch is implicated in a range 
of neurodegenerative diseases with an inflammatory and/or 
autoimmune component. 

Mast cells are invOlved in numerous activities ranging 
from control of the vaSculature, to tissue injury and repair, 
allergic inflammation and host defences. They synthesize and 
secrete a variety of mediators, activating and modulating the 
functions of nearby cells and initiating complex physioJogicaJ 
changes. lnterestingly,i rutric oxide (NO) produced by mast 

cells and/or other cells in the microenvironment appears to 
regulate these diverse ~les. Some of the pathways central to 
the production of NO by mast ceUs and many of the tightly 
controlled regulatory mechanisms involved have been iden
tified. Several cofacton and regulatory clements are involved 
in NO production, and. these act at transcriptional and post
translational sites. Their involvement in NO production and 
the possibility that these pathways are critically important in 
mast cell functions in lms persons should be investigated. 
The effects of NO on mast cell functions such as adhesion, · 
activation and mediator secretion ought to be examined with 
a focus on molecular 'mechanisms by which NO modifies 
intracellular signalling

1 
pathways dependent or independent 

of cGMP and soluble guanylate cyclase. Metabolic products 
of NO including peroxynitrite and other reactive species may 
be the critical clements' that affect the actions of NO on mast 
cell functions. Further Understanding of the actions of NO on 
mast cell activities may uncover novel strategies to modulate 
inflammatory conditions. 

lt is important to remember that mastocytosis -an abnor
mal accumulation of mast cells in one or more organ system 
- can occur secondarily to· other causes, such as in flam· 
mation and some kinds of leukemia. The increase in EHS 
being described here is more accurotcly thought of as ''pri
mary" mastocytosis. nleaning that the increased number of 
mast cells occurs independently of any other cause. However, 
because of the increas'ed number of mast cells in primary 
ntiiSlocytosis, ronditions such as osteoporosis and inllamma· 
lion may arise as· a res~lt of the activity of those mast cells. 
The manner in which 'primary. mastocytosis can be distin
guished from secondary mastocytosis and other conditions 
should also be addressed in controlled studies. 

Patients with wast0cxtosis may or may not have con
stitutional symptoms, including ~ight loS!!, pain, nausea, 
headache, malaise. or fatigue. These symptoms may be due 
to wu:ontrollcd prolifefatiou of mast cells or involvement of 
distinct orgllfts; such as 'the stomach and intestines, or bone or 
bone marrow. Constitutional symptoms also can result from 
high levels of mast cell mediators in the blood stream. The 
severity of symptoms varies from mild to life threatening. 

Holmboe and Johansson [331 reported on testing EHS 
persons for increased levels of IgE or signs of a posith··e Pha
diatop Combi (whlch is a screening test for allergies towards 

I 
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cenain foods. pollens, insects, and other animals) both . of 
which would be indicators of an immune system alert. Five 
men and 17 women participated in the study. Skin and ner
vous system effects were the primary symptoms reported. 
The most frequently reported symptoms were skin redness, 
eczema and sweating,loss of memory, conccnlralion difficul
ties, sleep disturbances, dizziness, muscular and joint-related 
pain, and muscular and joint-related weakness. Headache, 
faintness, nasal stuffiness, and fatigue were also common. In 
addition, 19 of the people had disturbances of the gastroin
testinal tract. All the EHS persons had tinnitus. However, 
no connection between IgE blood levels and symptoms was 
found. All EHS people bad normal values (<122 kU/1). Only 
three people bad a positive Phad.iatop Combi. · 

In iUmmary, it is evident from our preliminary experi
mental data that various bioiogical alterations are present in 
EHS persons claiming to suffer from exposun: to EMF. The 
alterations are themselves enough to fully explain the EHS 
symptoms, and the involvement of the immune system is 
evident. 

Thus, it is of paramount import!lnce to contiriue investi
gating persons with EHS. We would favour swdies of EMF 

· interaction with mast cell release of histamine and other bio
logically active substances, srudies of lymphocyte viability, 
as well as studies of the newly described serotonin-containing 
melanocytes. Also, continued analysis of the intraepider
ma1 nerve fibers and their relations to these mast cells and 
serotonin-containing melnnocytes is very important. Finally, 
not to be foJEonen, a general investigation of persons with 
EHS versus normal healthy volunteers regarding the above 
markers as well as other markers for cell traffic, proliferation 
and inftanunation is very much needed: Such research may 
lay a firm foundation for necessary adjustment of accessibil· 
ity, thus helpiitg all persons with EHS. 

5.3. Rat skin and thyroid: ani11Ull model studies 

In addition to the studies in humans, we have also done a 
series of animal experiments (6-8). These have been a col
laborative effort between the Department of Biology, Faculty 
of Sciences, Novi Sad, Serbia. and my own research group 
at the Karolinsk.n Institute, Stockholm, Sweden.,· 

·These papers go back to early observations in p·ersons 
with EHS where large increases in the cutaneous mast cell 
count could be demonstrated as compared to normal healthy 
volunteers. A corresponding effect on cutaneous mast cells 
from normal healthy volunteers placed in front of ordinary 
TVs/PCs could also be shown. My working hypothesis since 
then is thai EHS is a kind of radiation damage, since the 
observed cellularchanges"are\•ery much the same" as the ones 
you would find in tissue subjected to UV-light or ionizing 
radiation (for refs., see above). 

One very fierce criticism has been that such mast cell 
allerations in persons with electrohypersensitivity (or in nor
mal healthy volunteers!) can not be due to EMFs and/or 
airborn chemicals, but must be due to psychological or psy-

chiatric personality disturbances, cognitive malfw:Jction, or 
likewise. : · 

The aim of these studies has therefore been to investigate 
the influence of extremely low-frequency electromagnetic 
fields (ELF-EMFs) on mast cells, parafollicui;Jr ~lis. and 
nerve fibers in rat skin a.od thyroid gland, as seen using light 
and uunsmission electron microscopy. The experiments were 
performed on 2-montb-old Wistar male rats exposed for 4 h 
a day, 5 or 7 days a week for 1 month to power-frequency 
(50Hz) EMFs (100-300.,.T, S4-160V/m). After sacrifice, 
samples of skin and thyroid were processed for indirect 
immunohistochemistry or toluidine blue staining and were 
then analyzed using the methods of stereology. Antibody 
markers to serotonin, substance P, CGRP, and PGP 9.5 were 
applied to skin sections and PGP 9.5, CGRP, and neuropep
Lide Y (NPY) markers to the thyroid. A significantly increased 
number of serotonin-positive mast ceUs in the skin (p < 0.05) 
and NPY-containing nerve fibers in the thyroid (p<O.OI) of 
rats exposed lO ELF-EMF was found compared to controls, 
indicating a direct EMF effect on skin and thyroid vascula· 
ture. · . 

After ultrastructural exruni.nation, a predominance of 
microfollicles with less colloid content and dilated blood 
capillaries was found in the EMF group. Stereological count- . 
ing showed a statistically significant increase of the volume 
density of follicular epithelium, interfollicular tissue and 
blood capillaries as well as lhe lhyroid activation index, as 
compared to the controls. The volume density of colloid 
significantly decreased. UltrasiJUctUraJ analysis of thyroid 
follicular cells in the EMF group revealed the ffe<juent find
ing of several colloid droplets within the same thyrocyte with 
the occasional presence of large-diameter droplets. Alter· 
ations in Jysosomes, granular endoplasmic reticulum and cell 
nuclei compared to the control group were also observed. 
Taken together, both the light microscope and the ultrastruc· 
rural results show the stimulating effect of power-frequency 
EMFs. 

The results obtained in ani.ma1 studies cannot be under
stood by psychological or psychiatric theories, but are clearly 
related to the EMF exposure. In view of recent epidemio
logical swdies, pointing to a correlation between long-term 
exposure from power-frequency. magnetic fields or. radio
/microwaves and cancer, our data have to be taken seriously. 

5.4. Curan~ous hLat shock prot~inlst~ss ~spons~ 
pathway 

Recent evidence by Leszczynski et al. has indicated activa
tion of stress-induced pathways in cultivated cells in response 
to rilicrowaves [34]. Their article indicated · that ·mobile 
telephone microwaves activate a variety of celJular signal 
transduction pathways, among them the hsp27/p38MAPK 
stress response pathway (34]. Whether activation of stress 
response pathways relates to apoptosis, blood-brain barrier 
permeability, or increased cancer in humans remains to be 
investigated. Further work reported gene and protein ex pres· 
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sion changes in human endothelial cell lines with nticrowave 
900 MHz mobile phone exposure !35]. 

5.5. Childhood leukemia and powu-f,yqu~ncy magnetic 
fields; CNS rumours and cell phone use 

Childhood leukemia was connected to power-frequency 
magnetic fields already in the pioneering work by Wertheimer 
aod Leeper [36J. More recently, Scandinavian scientists have 
identified an increased risk for acoustic neuroma (i.e., a 
benign tumour oftbe eighth cranial nerve) in cell phone users, 
as well as a slightly increased risk of malignant brain tumours 
such as astrocytoma and meningioma on the same side of the 
brain as the cell phone was held [37-40]. In addition, a clear 
association between adult cancers and FM radio broadcasting 
radiation has been noticed, both in time and location ( 41-431. 
Initial studies on facial nevi indicate that nowadays young 
children can have a substantial number of these (Hallberg 
and Johansson, unpublished data). If, in addition to the low
frequency EMF, there iS a ra.diofrequency lllld/or nticrowave 
correlation, then this· must be considered in future research 
and safety progl-ams. 

. . ' • 

.5.6. Effects by microwaves on acute experimental 
allergic ~nceplwlomyelitis 

Turning back to the iminune system, Anane et aJ. [44 I have 
studied the effects of acute exposure to GSM-900 microwaves 
(900 MHz, 217Hz pulse modulation) on the clinical param
eters· of the acute experimental allergic encephalomyelitis 
(BAE) model in rats in two independent experiments: rats 
were either habituated or non-habituated to the exposure 
resuainers. EAE was induced with a mixture of myelin 
basic protein and Mycobacterium tuberculosis. Female Lewis 
rnts were divided into cage control, sham-exposed, and two 
groups exposedeithen.t 1 .S or 6.0 W /kg \ocal spec1fic absotp
tion rate (SAR averaged over the brain) using a loop illltenna 
placed over their heads. No effect of a 21-day exposure 
(2 h/day) on the onset, duration, and tennination of the EAE 
crisis was seen. 

5. 7. Effects of electromagnetic fields on immune system 
parameters, including cellular 17U1rkers 

5.7.1. Residential exposufY! effects/occupational studies 
The object of the study by Bosco! et al. {45] in 2001 was 

to investigate the immune system of 19 women witb a mean 
ageof35 years, for at least2 years (mean= 13 years) exposed 
to electromagnetic fields induced by radio-television broad
casting stations .. in-their.residential area. In' September 1999, 
the EMFs (with range 500 kHz-3 GHz) in the balconies of 
the homes of the women were (mean± S.D.) 4.3 ± I .4 V/m. 
Fony-seven women of similar age, smoking habitS and atopy 
composed the control group, with a nearby resident EMF 
exposure of <1.8 V/m. Blood lead and urinary trans-trans 
muconic acid (a metabolite of benzene), markers of exposure 

I 
to urban traffic, were higher in the control women. The EMF 
exposed group showed a statistically significant reduction 
of blood NK CD16+-CD56+. cytotoxic CD3(-)-CD8+, B 
and NK activated CD3{- )-HLA-DR+ and CD3(-}-CD25+ 
lymphocytes. In vitro : production of IL-2 and interferon
gamma (JNF.gamma) by peripheral blood mononuclear cells 
(PBMC) of the EMF exposed group, incubated either with 
or without phytohaem~agglutinin (PHA), was significantly 
lower; the in vitro producrion of ll.·2 was significantly 
correlated with blood! CDI6+-CD56+ lymphocytes. The 
stimulation indei (S.l.) of blastogenesis {ratio between cell 
proliferation with and. without PHA) of PBMC of EMF 
exposed women was lower than that of the control subjects. 
The S.l. of blastogen~sis of the EMF exposed group (but 
not blood NK lymph~ytes and the in vitro production of 
IL-2 and INF-gamma ,by PBMC) was significantly corre
lated with the EMF levels. Blood lead and urinary trans-trans 

muconic acid were bmly correlated with immune parame
ters: the urinary metabolite of benzene of the control group 
was only correlated wi·th CDJ6+-CD56+ cells indicating a 
slight effect of traffic on the immune system. In conclusion, 
this study demonstrates that high-frequency EMFs reduce 
cytotoxic activity in the peripheral blood of. women without 
a dose-response effect! [Such an effect could only be con
sidered as very serious: since this could hamper the immune 
system in its daily struggle against various organisms/agents.] 

A more general re~ction pattern was found by Dmoch 
and Moszczynski [46]jw~o assessed immunoglobulin con
centrations and T-lympliocyte.subsets in workers of TV 
re-transmission and satellite communication centres. AD 
increase in lgG and IgA concentrations, an increased count of 
lymphocytes and TB lytnphocytes, a decreased count of NK 
cells and a lower value of T-helperfl'-suppress<lr ratio were 
found. i 

The immunoglobulins' concentrations and T-lymphocyte 
subsets during occupational exposures to microwave radia· 
tion were aJso assessed in 1999 by Moszczynski et al. (47). 
In the workers of re-transmission TV center and center of 
satellite communications on ·increased IgG and lgA concen
tration and decreased rount of lymphocytes and TB cells was 
found. However, in the red8r operators tgM·c.oncentration 
was elevated and a deCrease in the total T8 cell count was 
observed: The different behaviors of examined immunologi
cal parameters indicate' that the effect of microwave radiation 
on the immune system depeOds on the exposure: However, 
disorders in the immunoglobulins' concentrations and in the 
TB cell count had not! so far, caused any reported clinical 
consequences in their workers. 

Thschl et al. (481 recorded a considerable excess of rec
ommended exposure · iirnits ·in the vicinity ·of.· shonwave 
diathermy devices used for medical treatment of patients. 
Different kinds of field probes were used to measure elec
tric and magnetic field strength and the whole body exposure 
of medical personnel operating shortwave, decimetre wave 
illld microwave units w~s calculated. To investigate the: influ
ence of chronic exposure on the immune system of operators, 

I 
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blood was sampled from physiotherapists working with the 
above mentioned devices. Eighteen exposed and .13 control 
persons, matched by sex and age, were examined. Total leuco
cyte and lymphocyte counts we~ performed and leucocytic 
subpopulations determined by flow cytometry and· mono
clonal antibodies against surface antigens. In addition, to 
quantifying subpopulations of immunocompetent cells, the 
activity of lymphocytes was measured. Lymphocytes were 
stimulated by mitogen phytohemagglutinin and their prolifer
ation measured by flow cytometry. No statistically significant 
differences between the control and exposed persons were 
found. In both study groups all immune parameters were 
within nomial ranges. 

5. 7.2. Electromagnetic fields and atopy 
In an attempt to understand how non-atopic and atopic 

fertile women with uniform exposure to toxk compounds 
produced by traffic immunologically react to high or low fre
quency elecll'Otnagnetic fields (ELMF), Del Signore et al. 
[49] performed a preliminary study. Women were divided 
in group A (non-atopic, non-exposed to ELMF); B (atopic, 
non-exposed to ~); C (non-atopic, exposed to ELMF); 

· D (atopic, exposed to ELMF). In vitro eell proliferation of 
PBMC of atopic women (groups B ·and D) stimulated by 
PHA was reduced. The ELMF exposed women (groups C 
and D) showed lower levels of blood NK CD 16( +}-CD 56+ 
lymphocyte subpopulations and of in vitro production of 
interferon-gamma (both spont.at~eously and in presence of 
PHA) by PBMC, suggesting that ELMF reduces blood cyto
toxic activity. Serum lgE of the atopic women exposed to 
ELMF (group D) was higher than that of the other groups. 
Linear discriminant analysis including serum zinc and cop
per (essential enzymes for iminune functions), blood lead 
and urinary trans-trans muconic acid, a metabolite of ben
zene (markers of exposure to traffic) and key parameters 
of immune functions (CDI6(+)-CD56+ lymphocyte subset, 
serum lgE, interferon-gamma produced by PBMC in pres
ence of PHA, stimulation index of blastogenesis) sbowed 
absence of significant difference between groups A and C 
and a marked separation of groups 8 and D. This datum sug-

. gests that ELMF have a greater influence on atopic women 
exposed to traffic than on non-atopic ones, again pointing 
out differing reaction capacities in the human population -
possibly dependent on varying immune functions based on 
variations ia genetic make-up. rnus is of particular interest 
sin~ EHS persons have ~na.m atopic features (Liden, per
sonal communication} that may make them more susceptible 
to EMFs.] 

5.7.3. Animal and human cellular in viVo and in vitro 
studies 

One very interesting set of experiments was performed 
by Cleary et al. [50) in 1990. Whole human blood was 
exposed or sham-exposed in vitro for 2 h to 27 or 2450 MHz 
radiofrequency (RF) radiation under isothermal conditions 
(i.e., 37 ± 0.2 °C}. Immediately after exposure, mononuclear 

cells were separated from blood by Ficoll density~grodient 
centrifugation and cultured for 3 days at 37 oc witb or with
out mitogenic stimulation by PHA. Lymphocyte proliferation 
was assayed _at the end of the culture period by 6 h of pulse
labeling with 3H-thymidine (3H-TdR). Exposure to radiation 
at either frequency at specific absorption rates (SARs) below 
50 W /kg resulted in a dose-dependent, statistically significant 
increase of 3H-TdR uptake in PHA-activated or unstimulated 
lymphocytes. Exposure at 50 W/kg or higher suppressed 3H
TdR uptake relative to that of sham-exposed cells. There 
were ao detectable effects of RF radiation on lymphocyte 
morphology or viability. Notwithstanding the characteristic 
temperature dependence of lymphocyte· activation in vitro, 
the isothermal exposure conditions of this study indicate that 
the biphasic, dose-dependent effects of the radiation on lym
phocyte proliferation are not dependent on he.ating. 

· Half a decade later(l996), Clearyetal. [51J publjsbed yet 
another paper with the title "Effect of isothennu.l rodiofre

. quency radiation on cytolytic T lymphocytes". Previous in 
vitro studies had provided evidence that RF radiation modu
lates proliferation of human glioma, lymphocytes, and other 
cell types. The mechanism of such cell proliferation rt:~od
ulation, as well as meclwtisms for etfa."CS oa ocher ull 
physiologic endpoints, however, was not . well understood. 
To obtain insight regarding interaction mechanisms, they 
investiga\W effects of RF radiation exposure on interleukin 
2 (IL-2)-dependent proliferation of cytolytic T-Jymphocytes 
(C11..L-2). After exposure to RF mdiation- in the presence or 
absence ofll.r2-cells were cultured at various physiolog1cal 
concentrations of IL-2. Treatment effects on CfLL-2 prolif
eration were determined by tritiated thymidine incorporation 
immediately or 24 h after exposure. Exposure to 2450 MHz 
RF ndiation at specific absorption rates (SARs) of greater 
than 25 W /kg (induced E-field strength 9&.4 V /m) induced a 
consistent, statistically significant reduction in CfLL-2 pro
liferation, especially at low CL-2 concentrations. At lower 
SARs, 2450 MHz exposure increased CTLL-2 proliferation 
immediately after exposure but reduced 24 h postexposure 
proliferation. RF radiation effects depended on the mitotic 
state of the cells at tbe time of exposure. 
. ln 1992, Czerska et a!. [52] studied the effects of con
tinuous and pulsed, 2450-MHz radiation on spontaneous 
lymphoblastoid transfonnation of human -lymphocytes in 
vitro. Nonnal human lymphocytes were isolated from the 
peripheral blood of healthy donors. One-milliliter samples 
containing one million cells in chromosome medium I A were 
exposed for 5 days to conventional heating or to continu
ous wave (CW) or pulsed wave (PW) 2450-MHz radiation at 
non-heating (37 oq and various heating levels (temperature 
increaSes" "of . o.s; 1.0, "1.5, and 2 °C). The pulsed expo
sures involved I -J.LS pulses at pulse repetition frequencies 
from I 00 to lOOO pulses/s at the same average SAR lev
els as the CW exposures. Actual average SARs ranged to 
12.3 W/kg. Following termination of the incubation period, 
spontaneous Jymphoblastoid transformation was determined 
with an image analysis system. The results were compared 
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among each of the experimental conditions and with sham
exposed cultures. At non-heating levels, CW exposure did 
not affeet transfonnation. At heating levels both conventional 
and CW heating enhanced transformation to the same extent 
and correlate with the increases in incubation temperature. 
PW exposure enhanced trnnsfonnation at non-heating levels. 
This finding is significant (p < 0.002). At heating levels PW 
exposure enhanced transformation to a greater extent than 
did conventional or CW heating. This fioding is significant at 
the 0.021evel. It was concluded that PW 2450-MHz radiation 
acts differently on the process of lymphoblastoid transfonna
tion in vitro compared with CW 2450·MHz radiation at the 
same average SARs. 

In 2003, Dabrowski et aJ. [53) exposed samples of 
mononuclear cells isolated from peripheraJ blood of healthy 
donors (n = 16) to 1300 MHz. pulse-modulated microwaves at 

330 pps with 5 J.LS pulse width. The samples were exposed in 
an anechoic chamber at the average value of power density 
of S= IOW/m2 (I mW/cm2). Tbe average specific absorp
tion rate (SAR) was measuml in rectangular waveguide 
aod the' value : of SAR = 0.18 W /kg was recorded. Subse
quently,· the exposed and control cells were · assessed in 
the microculture system for se~eral parameters character
izing their proliferative and immunoregulatory properties. 
Although the irradiation decreased the spontaneous incor
poration of 3M-thymidine, the proliferative . res(Xlnse of 
lymphocytes to PHA and to Con A QS well as the T-cell 
suppressive activity (SAT index) and the saruration of ll..-
2 receptors did not change. Nevertheless. the lymphocyte 
production of ioterleukin (ll..}-10 increased (p<O.OOI) and 
the concentration of IFNg remained unchanged or slightly 
decreased in the culture supernatants. Concomitantly, the 
microwave irradiation modulated the monokine production 
by monocytes. The production of IL-lb increased signifi
cantly (p<O.Ol), the concentration of its antagonist (D., Ira) 
drop~d by half (p<O.OI) and the tumour necrosis factor 
(TNF·a) concentration remained unchanged. These changes 
of monokine proportion (ll..-lb versus IL-lra) resulted in 
significant increase of the value of the LM (=the monokine 
influence on lymphocyte mitogenic response; cf. Dabrowski 
et al: [54]) index (p<O.Ol}, which reflects the activation 
of monocyte·. immunogenic function. The results indicate 
that · pulse-modulated ·microwaves represent . the· potential 
of immunotropic influence, stimulating preferentiaJly the 
immunogenic and proinflammatory activity of monocytes at 
relatively low levels of exposure! 

Following these findings of G0 phase PBMC exposed 
to low-level (SAR = 0.18 W /kg) pulse-modulated 1300 MHz 
microwaves and subsequently cultured, demonstrating 
changed immune activi'cy. (as of above), in 2006 Stankiewicz 
et al. {551 investigated whether cultured immune cells 
induced into the active phases of cell cycle (G1. S) and 
then exposed to microwaves will also be sensitive to EMF. 
An anechoic chamber containing a microplate with cultured 
cells and an antenna emitting microwaves (900MHz sim
ulated GSM signal, 27 V/m, SAR 0.024 W/kg) was placed 

inside an ASSAB incubator. The microcultures of PBMC 
exposed to microwaves demonstrated significantly higher 
response to mitogens 'and higher immunogenic activity of 
monocytes (LM index) than control cuhures. The results 
suggest that immune 'activity Q( responding lymphocytes 
and monocytes can be

1 
additionally intensified by 900 MHz 

microwaves. [The above described effects of an i.nunune sys
tem activity-intensify~g effect of900MHz microwaves are 
a very important warning signal as well as a very important 
piece of the explanatory jigsaw puzzle regarding EHS. In the 
latter, affected persons very often describe "influenza-like" 
sensations in their body. Maybe the mobile phones, as well 
as other high·frequency devices, have aroused the immune 
system to too high an activation level?] 

'Two papers of paramount imponance are Donnellan et 
al. 1561 and Harvey and French (57j. In the first, a mast 
cell line~ RBL-2H3, was exposed to 835MHz for 20min, 
three times per day 'for 7 days at a power density or 
8 .I ± 3 m W /cm2• From day 4 onwards, it was observed that 
the rate of DNA synthesis and cell replication increased, that 
actin distribution and cell morphology became altered. and 
that the amount of beta'-hexosarninidase (a marker of granule 
secretion) released in response to a calcium ionophore was 
significantly enhanced~ in comparison to unexposed cultures. 
No effects were seen on levels of cytoskeletal protein synthe
sis or of beta-actin mRNA. MorphologicaJ changes persisted 
following subculture for at least 7 days in the absence of fur. 
ther exposure. It is hypOthesized that effects of exposure to an 
EMF at 83.5 MHz may'. be mediated via a signal transduction 
pathway. In the second 'publication, Harvey and French used a 
resonant cavity which delivered a continuous wave exposure 
at 864.3 MHz at an average SAR of 7 W /kg to determine non
thermal biological effects of microwave exposure. A human 
mast cell line, HMC-·1, was used as the biological target. 
Cells were exposed thfee times for 20-min duration daily, for 
7 days. The temperatUre of the cell culrure medium during 
the exposure feU to 26.5 °C. Effects were seen on localization 
of protein kinase c. an:d expression of three of the 588 genes 
screened. The affected genes included the proto-oncogene c
ldt, the transcription factor nucleoside diphosphate kinase B 
and the apoptosis-associated gene DAD-I . Stress response 
genes were variably upregulated. No significant effect on 
morphology or on F-actin distribution was detected. They 
concluded that low-power microwave exposure may act on 
HMC-I cells by alterl.ng gene expression via a mechanism 
involving activation of protein kinase C, and at temperatures 
well below those knoWn to induce a heat shock response. 

Elekes et al. {58] in 1996 found a very interesting 
sex-difference. The effect of continuous (CW; 2.45 GHz car
rier frequency) or amplitude-modulated (AM; 50 Hz square 
wave) microwave radiation on the immune response was 
tested. CW exposures (6 days, 3 hlday) induced elevations of 
the number of antibody-producing cells in the spleen of male 
Balblc mice (+37%). AM microwaveexposureinducedeleva
tion of the spleen index ( + 15%) and antibody-producing cell 
number (+55%) in the :spleen of maJe mice. No changes were 
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observed in female mice. It is· concluded that both types of 
exposure conditions induced moderate elevation of antibody 
production only in male mice. 

Irradiation with electromagnetic waves (8.15-IBGHz, 
I Hz within, I ..._ W /cm2) in vivo increases the cytotoxic activ
ity of natural k.iller cells of rat spleen [59}. In mice exposed 
for 24-72 h, the activity of natural killer cells increased by 
130-150%, the increased level of activity persisting within 
24 h after the cessation of treatment. Microwave irradiation 
cf aiiimrus in vivo for 3.5 and ~ h. and a short expos~ of 
splenk cells in vitro did not affect the activity of natural lciUer 
cells. 

Whole body microwave sinusoidaJ irradiation of maJe 
NMRI mice with 8.15-lSGHz (I Hz within) at a power 
density of l fJ.W/cm2 caused a significant enhancement of 
TNF production in peritoneal macrophages and splenic T
lympbocytes {60). Microwave radiation affected T-ceUs, 
facilitating rheir CApacity to proliferate in response to mito
genic stimulation. The exposure duration necessary for the 
stimulation of cellular immunity ranged from 5 h to 3 days. 
Chronic irradiation of mice for 7 days produced the decreas
ing; of TNF production in • peritoneal macrophages. ··The 
expos~ of mice for . 24 h increased the TNF production 
and immune proliferative response, and· these· stimulatory 
effec.ts persisted over 3 days after the termination of expasure. 
Microwave treatment increased the endogenously produced 
TNF more effectively than did lipopolysaccharide, one of 
the most potential stimuli of synthesis of this cytokine. 
Microwaves, thus, indeed can' be a factor interfering with 
the process of cellular immunity! 

A very intriguing investigation was carried out by Gapeev 
et al.!6 I], who compared hom, dielecaic and channel anten
nae and their matching with various types of loads, includjng 
a biological object. The channel antenna in contrast to dielec
tric and hom provides the unifonn spatial distribution of 
specific absorbed rating in the frequency range used and 
wide-band matching with the object both in near field and 
far field zones of the radiator. ll is shown, that low-intensity 
electromagnetic radiation of extremely high frequency in 
near field zone of the channel radiator modifies the activ
ity of mouse peritoneal neutrophils on a quasi-resonance 
manner. The interaction of electromagnetic rndiation with 
the biological object has been revealed in the narrow-band 
frequencies of 4l.8-42.05GHz and consists in inhibition of 
lurninol-dependent chemiluminescence of neutrophils acti
vated by opsonized zymosan. No frequency dependence has 
been found of the electromagnetic radiation effects in the far 
field zone of the radiator. The results obtained suggest. that 
the quasi-resonance dependence of the biological effect on 
the freque"ncj".of the de'ctroitui.gnetic ·radiation iri the oear 
field zone is conditioned by structure and nature of the elec
tromagnetic radiation in this zone. 

In 2003, Gatta et al. [62) ·studied the effects of in 
vivo exposure to GSM·modulated 900 MHz radiation on 
mouse periphernl lymphocytes. The aim of this study was 
to evaluate whether daily whole-body exposure to 900 MHz 

GSM-modulated radiation could affect spleen lymphocytes. 
C57BU6 mice were exposed 2 h/day for l , 2 or 4 weeks 
in a TEM cell to an SAR of 1 or 2 W/kg. Untreated and 
sham-exposed groups were also examined. At the end or the 
exposure, mice were killed and spleen cells were collected. 
The number of spleen cells, the percentages of B- and T
cells, and the distribution ofT-cell subpopulations (CD4 and 
CDS) were not altered by the exposure. T- and 8-cells were 
also stimulated ex vivo using specific monoclonal antibodies 
or LPS to induce "cell proliferation, cytokine production and 
expression of activation markers. The results did not show 

· relevant differences io eitherT- orB-lymphocytes from mice 
exposed to an SAR of I or 2 W/kg and sham-e"posed mice 
with few exceptions. After I week of exposure to I or 2 W /kg, 
an increase in IFN-gamma (Ifng) production was observed 
that was not evident when the exposure was prolonged to 
2 or 4 weeks. This suggests that the· immune system might 
have adapted to RP radiation as it docs with other stressing 
agents. All together, from their in vivo data, they concluded 
that the T- and B-cell compartments were not substantially 
affected by exposure to RF radiation and that a clinically rel
evant effect ofRF radiation on the immune system is unlikely 
to occur. {Another explanation could be that the cells were 
uJUlble to den! with the exposure and the obvious follow-up 
question then will be: What happened with the immune cells 
after months and years of exposure?] . · 

On the oth~r band, Kolomytseva et al. [63], in their whole
body exposure experiment designed to study the dynamics 
of leukocyte number and functional activity of peripheral 
blood neutrophils under whole-body exposure .of healthy 
mice to low-intensity extremely high-frequency electromag
netic radiation (EHF EMR, 42.0 GHz. 0.15 mW /cm2, 20 min 
daily), showed that such a whole-body exposure of healthy 
mice to low-intensity EHF EMR has a profound effect on 
the indices of non-specific immunity. It was shown that 
the phagocytic activity of peripheral blood neutrophils was 
suppressed .by about 50% (p<O.OI as compared with the 
sham-e"posed control) in 2-3 h after the single exposure to 
EHF EMR. The effect persisted for 1 day after the exposure, 
and then the phagocytic activity of neutrophils returned to the 
normaJ within 3 days. A significant modification of the leuko· 
cyte blood profile in mice exposed to EHF EMR for 5 days 
was observed after the cessation of exposures: the number 
of leukoCytes increased by 44% (p < 0.05 as compared with 
sham-exposed animals), mos!lydue to an increase in the lym
phocyte content. The supposition was made that EHF EMR 
effects can be mediated via the metabolic systems of arachi· 
donie acid and the stimulation of adenylate cyclase activity, 
with subsequent increase in the intracellular cAMP level. 

The . mcidificaii6n of. indices of the. humoral . immune 
response to thymus-dependent antigen (sheep erythrocytes) 
after a whole-body exposure of healthy mice to low-intensity 
extremely high-frequency electromagnetic rru:liation was 
reponed by Lushnikov et al. in 2001 [64]. Male NMR1 mice 
were exposed in .the far-field :zone of hom anleiUla at a frc· 
quency of 42.0 GHz and energy flux density of 0.15 m W /cm2 
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under different regimes: once for 20 min, for 20 min daily 
during 5 and 20 successive days before immunization, and 
for 20 min daily during S successive days after inunuruza~ 
tion throughout the development of the humoral immune 
response. The intensity of the humoral immune response 
was estimated on day 5 after immunization by the number 
of antibody-forming cells of the spleen and antibody titers. 
Changes in cellularity of the spleen, thymus and red bone 
marrow were also assessed. The indices ofhumornJ immunity 
and cellularity of lymphoid organs changed insignificantly 
after acute exposure and a series of five exposures before and 
after immunization· of the animals. However, after repeated 
exposures for 20days before immunization, a statistically sig~ 
nificant reduction of thymic cellu1arity by 17.5% (p < 0.05) 
and a decrease in cellularity of the spleen by 14.5% (p < 0.05) 
were revealed. The results show that single low-intensity 
extremely high-frequency electromagnetic radiation, at the 
frequency and energy fltix density used, does not influence the 
humoral irrunune response intensity in healthy mice but influ
ences immunogenesis under multiple repeated exposures. 

Experiments have also been conducted to elucidate the 
effects of chronic low power-level microwave radiation on 
the immunological sys~ms of rabbits (65]. Fourteen male 
Belgian white rabbits were exposed to microwave nuiiation 
at 5 mWfcm2; 2.1 Glh, 3 h daily, 6 days/week for 3 mon\bs 
in two batches of seven each in specially designed ril.iniature 
anechoic chambers.-Seven rabbits were subjected to.sham 
exposure for identical duration. The microwave energy was 
provided througb s band standard gain horns connected to a 
4K3SJ2 Klystron power amplifier. The first batch of animals 
was assessed for T~lymphocyte-mediated cellular immune 
respon.se mechanisms and the seoond batch of animals for 
8-lymphocyte-mediated humoral immune response mech
anisms. The peripheral blood samples collected monthly 
during microwave/sham exposure and during follow-up (5/14 
days after termination of exposures, in the second batch ani
mals only) were analysed for T-lymphocyte numbers and 
their mitogen responsiveness to ConA and PHA. Signifi
cant suppression of T~lymphocyte numbers was noted in the 
microwave group at 2 months (p < 0.0 I) and during follow-up 
(p<O.OJ ). The first batch of animals was initially sensitised 
with BCG and· challenged with tuberculin (0.03 ml) at the 
termination of microwave ·irradiatioillsham exposure and the 
increase in foot pad thickness (delta inm). which is a measure 
of T-ceU·mediated immuruty (delayed type hypersensitivity 
response, DTH) was noted in both the groups. The microwave 
group revealed a "better" response than the control group 
(delta% +12.4 versus +7.54). 

Nasta et al. [66), very recently examined the effects of 
in ~i~o· exposure({) a· GSM-moouliited 900 MHz RF field on 
B-cell peripheral differentiation and antibody production in 
l'cice. Their results show that exposure to a whole-body aver
age SAR of 2 W/kg, 2hlday for 4 consecutive weeks does 
not affect the frequencies of differentiating transitional I (Tl ) 
and T2 8-cells or those of mature follicular 8 and marginal 
zone B-cells in the spleen. IgM and lgG serum levels are also 

not significantly differeru among exposed, sham-exposed and 
control mice. B-cells from these mice, challenged in vitro 
with LPS, produce comparable amounts of IgM and IgG. 
Moreover, exposure of inununized mice to RF fields does 
not change the antigen~specific antibody serum level. Inter
estingly, not only the 

1
-production of antigen-specific lgM 

but also that of IgG (~hich requires T-B-cell interaction) 
is not affected by RF-ficld exposure. This indicates that lhe 
exposure does not alter an ongoing in vivo antigen-specific 

. immune response. In canclusion, the results of Nasta et al. 
166] do not indicate any effects of GSM-modu1ated RF radi
ation on the B~cell pCrlphernJ compartment and antibody 
production. I 

Whole-body microwave sinusoidal irradiation of male 
NMR1 mice, exposure

1 
of macrophages in vitro,· and pre~ 

liminary irradiation of, culture medium wilh 8.15--18 GHz 
(I Hz within) at a pOV..er density of 1 ~W/cm2 caused a 
significant enhancemetn of tumour necrosis factor produc~ 
tion in peritoneal macrophages (67]. The role of microwaves 
as a factor interfering\ with the process of cell immunity 
must, thus, be seriously considered. Furthermore, the effect 
of 8.15-18 GHz (I Hi within) microwave radiation at a 
power density of I JJ-W /cm2 on the , tumour necrosis fac
tor (TNF) production ~d immune response ~as tested by 
Novose1ova et aJ. [68]: A single 5 h whole-body exposure 
induced a significant inerease in TNFproduction in peritoneal 
macrophages and spleruc T-cells. The mitogenic response 
in T-lymphocytes increased after microwave exposure. The 
activation of cellular iriununity was observed within 3 days 
after exposure. A diet containing lipid-soluble nutrients (beta
carotene, alpha-tocopherol and ubiquinone Q9) increased 
the activity of macrophages and T-cells from irradiated 
mice. These results demonsttate that irradiation with low
power density microwaves stimulates the immune potential 
of macrophages and T;cells, and the antioxidant treatment 
enhances the effect of:microwaves, in particular when the 
effect of irradiation is ~uced. 

In the experimental' study by (:etin et al. [69) in 2006. 
the hematological effeCts of pulsed EMFs chronic exposure 
were investigated on auce. Sixty, 6-week-old male Swiss 
mice, weighing 40-4S 'g were used, and were divided into 
two groups: in one ~up, animals (n = 30} were exposed 
to pulsed EMFs (60Hz, intensity 3 1..1. T, 12 h by day) for 
a 120-day period, whereas the second group (n = 30) was 
used as control. On days 15, 30, 90 and 120, samples 
were taken by cardiac puncture for the hematological nnnl
ysis (red blood cell and white blood cell counts, leukocyte 
distribution). Whereas i no significant difference was noted 
between control and e_xposed animals at the 15th and the 
30th days; a macrocytic' anemia characterized by decreases in 
of hemoglobin concentration, hematocrit values and erythro
cyte counts and by inCreases in mean corpuscular volume, 
occurred in the expos~ animals on day 90. Furthennore, 
they bave shown signi.ficant reductions of leukocyte, lym
phocyte and neutrophil' counts, while monocyte counts were 
increased. On day 120.: these leukocyte alterations were still 
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ob~erved, whereas erythrocyte pammeters approached con
trol values. These results suggest that pulsed electromagnetic 
fields (60Hz and J 1.1. T) affect the hematological parameters 
of mice, probably by reducing proliferation and differentia
tion of inarrow stem cells. 

Obukhan [70) has perfonned cytologic investigations 
designed to study bone ·marrow, peripheral blood, spleen, and 
thymus of albino rats irradiated by an EMF of 2375, 2450, 
and 3000 MHz. Structural and functional changes in popu
lations of megakaryocytes, immunocompetent cells as well 
as of undifferentiated cells, and of other types of cells that 
are dependent on the intensity of irradiation were revealed. 
The results pennitted establishing the probability-threshold 
levels of exposilre taking account of reactions of perception 
and physiologic adaptation together with compensatory and 
regenerative processes and the injury sustained. It WllS .shown 
that changes in bone marroW cells differentiation and repro
duction, rather than integral shifts in the peripheral blood, 
acquired the utmost significance. The blast cell population 
increased in low-intensity exposure, along with disturbances 
in mitosis. ·. , 

The possibility of genotoxkity of radiofrequency radia
tion (RFR) applied ~one or in combination with X-rays was 
recently investigated in vitro using several assays on human 
lymphocytes by Stronati et al. [71]. The chosen SAR values 
are near the upper limit of energy absorbed by localized tissue 
during the use of some cellular telephones. The purpose of the 
combined exposures was to examine whether RFR might act 
epigenetic ally by reducing the fidelity of repair of DNA dam· 
age caused by a well-characterized and established mutagen. 
Blood specimens from 14 donors were exposed continuously 
for 24 h to a GSM basic 93.5 MHz signal. The signal was 
applied at two SAR; I and 2 W/Kg, alone or combined with 
a l·min CJtposure to I.OGy of250kVp X-rays given imme
diately before or after the RFR. The assays employed were 
the alkaline comet teChnique: to detect DNA strand. break· 
age, metaphase analyses to detect unstable chromosomal 
aberrations and sister chromatid exchanges, micronuclei in 
cytokinesis-blocked binucleate lymphocytes and the nuclear 
division index to detect alterations in the speed of in vitro cell 
cycling. By comparison with appropriate sham-exposed and 
control samples, no effect of RFR alone could be found for 
any of the assay endpoints. In addition, RFR did not· modify 
any measured effects of the X~radiation. In conclusion, this 
study has used several standard in vitro tests for chromoso
mal and DNA damage in Go human lymphocytes exposed 
in vitro to a combination of X-rays and RFR.It has compre
hensively examined whether a 24-h continuous exposure to a 
935 MHz GSM basic signaJ deJ;veriJ)g SAR of J or 2 W /Kg 
is genotoxic per se or whether, it can influence the·genotox- · 
icity of the well-established clastogenic X-rndiation. Within 
the experimental parameters of the study in all instances no 
effect from the RFR signal was observed. [Of course, DNA 
damage is a well characterized effect of electromagnetic irra
diation of other ~II types, intluding lymphoblastoid cells 
f 72], fibroblasts { 73/, and brain cells (74/.J 

Despite the important . role of the immune system in 
defending the body against infections and cancer, only rather 
few irwestigations on possible effects of RF radiation on 
function of human i..rnmune cells have been undertaken. 
One .of these is the investigation by Tuschl et al. [75) in 
2006 ·where they assessed whether GSM modulated RF 
fields have adverse effects on the functional competence of 
hwrian immune cells. Within the frame of a multidisciplinary 
project "Biological effects of high frequency electromag
netic fields (EMFs)" sponsored by the National Occupation 
Ha:zanf Insurance Association (AUVA), iJi vitro investiga
tions were carried out on human blood cells. Exposure was 
perfonned at GSM basic l950MHz, an SAR·of 1 mW/g 
in an intenn.ittent mode (5.min "ON", lOmin "OFF') and 
a maximum ll.T of 0.06 ':'C for the . duraticm of 8 h. The 
following immune parameters were evaluated: (1) the intra
cellular production of. interleuk.in-2 (ll..-2) and interferon 
(JNF) gamma in lymphocytes, and ll.-1 and TNF-alpha 
in 111onocytes were evaluated with monoclonal . antibod
ies. (2) The activity of immune-relevant genes (IL I ·alpha 
and beta, ll.-2, llr2-receptor, IL-4. macrophage colony 
stimulating factor(MCSF}receptor, TNF-alpha. TNF-a.lpha
receptor) and housekeeping-genes .was analyzed .witll real 
time PCR. (3) The cytotoxicity of lymphok.ine activated 
k.JIIer cells (LAK . cells) against . a tumour cell line was 
determined in a _flow cytometric test. For each parameter, 
blood samples of at least 15 donors .were evaluated. No 
statistically significant effects of exposure were found and 
there was no indication that emissions from mobile phones 
are associated with adverse effects on the human immune 
system. . 

Chagnaud and Veyret [761 in 1999 could also not 
demonstrate an effect of low-level pulsed microwaves on 
the integrity of the immune system. They investigated 
the effects of GSM-modulated microwaves on lymphocyte 
sub-populations of Sprague-Dawley rats and their normal 
mitogenic responses using flow cytomeuy analysis aod a 
colorimetric method. No alterations were found in the sur
face phenotype of splenic lymphocytes or in their mitogenic 
activity. 

' 
[N.B. One must always be very cautious when it comes to 

negati~e fin_dit:~gs. F:or. ~ample: o_f :the I~ ~r s~ papers on 
genotoxic effects of RF. fields, a majority has been done 
with peripheral blood lymphocytes. Except for special cases, 
these cells are highly protected from their upregulated repair 
enzymes. These cells are often used to investigate chemical 
genotoxicity, because in these cases the toxicity often occurs 
due to the action of the repair enzymes. Rep:lir-deficient cells 
remain intact! The mechanisms of action ofEMFs may not be 
clearly understood, but it is unlikely they mimick such chem
ical enzyme-induced genotoxicity. -Yet another exnmple is 
th.e use of mice and rats for the study increases in brain tumour 
incidence: due to mobile telephony exposure. Since lhe inci
dence data from human studies point to a needed exposure 
lime of st least 5 yelll"S, and mice and rats do oot /il'e Jonger 
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than 2 years, the rats will die long before they have had a 
chance to develop the tumours!) 

Irradiation by pulsed microwaves (9 .4 GHz, I Jl-5 pulses at 
1000/s); both with and. without concurrent amplitude mod
ulation (AM) by a sinusoid at discrete frequencies betweert 
14 and 41 MHz. was assessed for effects on the immune sys
tem of Balb/c mice [77 J. The mice were immunized either by 
sheep red blood cells (SRBC) or by glutaric-anhydride conju
gated bovine serum a1bumin (GA-BSA), then exposed to the 
microwaves at a low nns power density (30 ~ W /cm2; whole
body averaged .SAR approximately 0.015 W/kg) .. Sham 
exposure or microwave irradiation took place during each 
of 5 contiguous· days, I 0 h/day. The antibody response was 
evaluated by the plaque·fonning cell assay (SRBC experi
ment) or by the titration oflgM and I gO antibodies (GA-BSA 
experiment). In the absence of AM. the pulsed field did 
not greatly alter immune responsiveness. In contrast, eJ'po
sure to the field under the combined-modulation condition 
resulted i.n significant, AM-frequency-dependent augmenta
tion or weakening of immune responses .. 

To study the possible RF effects on human lymphocyte 
activation, Capri et al. [?81 a.nalyzed CD25, CD95,-CD28 
molecules in unstimulated and stimulated CD4+ or CD8+ T
cells in vitrO. Peripheral blood mononuclear cells (PBMCs) 
from young and elderly . donors were exposed or sham
exposed to RF (1800MHz, SAR 2Wikg) with or without 
mitogenic stimulation. ·No significant ch~ges in the per
centage· of these cell subsets were found between exposed 
and sham-exposed lymphocytes in both young and elderly 
donors. Nevertheless, after RF exposure they observed a 
slight, but significant, downregulation of CD95 expression in 
stimulated CD4+ T-lymphocytes from elderly, but not from 
young donors. This age-related result is noteworthy given the 
importance of such a molecule in regulation of the immune 
response. 

In the paper by Yurekli et al. [79J, a GHz transverse 
electromagnetic (GTEM) cell was used as an exposure envi
ronment for plane wave conditions of far-field free space 
EMF propagation at the GSM base transceiver station (BTS) 
frequency of 945 MHz, and effects on oxidative stre~s in 
rats were-investigated. When EMFs at a power density of 
3.67 W/m2 (SAR = 11.3 mW/kg), which is well below current 
exposure limits, were applied, MDA (malondialdehyde) love I 
was found to increase and GSH (reduced glutathione) con
centration was found to decrease significantly (p < 0.0001 ). 
Additionally, there was a less ~ignificant (p = 0.019) increase 
in SOD (superoxide dismutase) activity under EMF expo-
sure. 

Since genotoxic effects of the second generation stan
dard GSM have been reported after exposure of human 
cells in vitro, Schwnn et al. [80] decided to use human 
cultured fibroblasts of three different donors and three dif
ferent short-tenTl human lymphocyte cultures and exp<.~se 
them to 1950 MHz UMTS below the SAR safety limit of 
2 W lkg. The alkaline comet assay and the micronucleus assay 

I 

were used to ascertai~ dose and time-dependent genotoxic 
effects. Five hundred cells per slide were visually evaluated 
in \he comet assay ~d comel tail factor (crF) was cal
culated. In the micronucleus assay 1000 binucleated cells 
were evalullted per assay. The origin of the micronuclei was 
determined by ftuoresecnce labeled anticcntromere antibod
ies. All evaluations were perfonned under blinded conditions. 
UMTS exposure in~sed the CTF and induced centromere
negative micronuclei (MN) in human cultured fibroblasts in a 
dose and time-dependent way. Incubation for 24 h at an SAR 
of 0.0.5 W!kg generated a statistically significant rise in both 
CTFandMN (p=0.02). At an SAR ofO.l Wlkg theCTFwas 
significantly increased' after 8 h of incubation (p = 0.02), the 
number of MN after 12 h (p= 0.02). However, under these 
conditions. no UMTS effect was obtained with lymphocytes, 
either unstimulated or ~timulated with phytohemagglutinin. 
The authors conclusion was thllt UMTS exposure may cause 
genetic alterations in some but not in all human cells in 

. I 

vitro. · 
Simk6 and Mattsson (81] have presented a hypothesis 

of a possible initial cellular event affected by exposure 
to ELF-EMF, an event that is compatible with the mul
titude of effects observed ·after -exposure. Based on an 
extensive literature review, they suggested that ELF-~ 
exposure is able to p~rfonn such activation by_ means of 
increasing levels of ~ radicals. Such a general activa
tion . is compatible with the diverse nature of _observed 
effects. Free radicals are intennediate:s in natural processes, 
like mitochondrial metabolism. and are also a key fea
ture of phagocytosis. Free radical release is inducible by 
ionizing rndiation or phorbol ester treabneot, both lead
ing to genomic instability. EMFs might be a sti!llulus to 
induce an "activated state" of the cell such as phagocy
tosis, which then enhances the release of free radicals, in 
tum leading to genotoxic events. Simk6 and Mattsson envis
aged that .EMF exposure can cause both acute and chronic 
effects that are mediated by increased free radical levels: 
(I) Direct activation of, for example macrophages (or other 
cells) by short-tenn exposure to EMF leads to phagocyto
sis (or other cell-specific responses) and consequently, free 
radical production . . ~s pathway may be utilized to pos
itively influence cert~ aspects of the immune response, 
and could be useful for' specific lhenpeulk apptlcations. (2) 
EMF-induced· macrophage (cell) activation includes direct 
stimulation of free radical production. (3) An increase in 
the lifetime of free radicals by EMF leads to persistently 
elevated free radical co

1

ncentrations. In general, reactions in 
which radicals are involved become more frequent, increas
ing the possibility of DNA damage. (4) Long-tenn EMF 
exposure leads to a chfonicany increased level of free radl
cals, subsequently causing an inhibition of the pineal gland 
hormone melatonin. Taken together, these EMF-induced 
reactions could lead to a higher incidence of DNA damage 
and therefore, to an in~reased risk of tumour development. 
While the effects on melatonin and the extension of the 
lifetime of radicals can explain the link between EMF 



172 0. Johdmson I Pathpphy!iology 16 (2009) 157-177 

exposure and the incidence of for example leukaemia. the 
two additional mechanisms· described by them specifically 
for moose macrophages, can explain the. possible · corre
lation between immune cell system stimulation and EMF 
exposure. 

. ·'- . : 

5.7.4. Effects of EMFs on the immune system at 
pregnancy ' · · .. 

Nakamura et al. [82] have investigated a very impor
tant issue, namely what happens to pregnant rats exposed to 
microwaves. Earlier data had indicated that these microwaves 
produce various detrimental changes based on actions of heat 
or non-sj>ecific stress, although the effects of microwaves on 
pregnant organisms were not un.iform. This study was there
fore designed to clarify the effect of exposure to microwaves 
durin,g p~cy on endomne and immune functjons. Nat
ural killer cell activity and natural killer cell subsets in ihe 
spleen were measured. as well as ,;ome endocrine indicators 
in blood: corticosterone and adrenocorticotrophic hormone 
(ACTH) as indices of the hYPothalamic-pituitary-adrenal 
axis;• beta-endorphin, oestradiol, . and proges_terone in six 
female virgin rats and six pregnant rats (9-ll days gesta
tion) exposed to microwaves at IOmWfcm2 incident power 
density at 2450MHz for 90rnin. The·same•measureinents 
were performed in· control rats (six virgin and six pregnant 
rats). Skin temperature in virgin and pregnant rats increased 
immediately after exposure to microwaves. Although splenic 
activity of noturol killer cells and any of the subset popu
lations identified by the monoclonal antibodies CD16 and 
CD 57· did not differ in virgin rots with or. without expo
sure to microwaves, pregnant rats exposed to microwaves 
showed a significant reduction of splenic activity of natural 
killer cells and CD 16+ CD 57- ones. Although corticosterone 
and ACTH increased, and oestradiol decreased in exposed 
virgin and pregnant rats, microwaves produced significant 
increases in beta-endorphin IUld progesterone only in preg
nant rats. So. in summary, Nakrunura et o.J. [82) showed that 
microwaves ot tbe power of 10m W /cm2 produced activation 
of the hypothalamic-pituitary-adrenal axis and increased 
oestradiol . in both virgin and pregnant rats, indicating that 
microwaves are a great stress in pregnancy. . , · · . . ,. , , .. · , .. 

In·the following year, l1998;the same groups of.scien
tists published a new study.[83} in which they exam.i.ned the 
involvement of opioid systems in reduced natural killer cell 
activity (NKCA) in pregnant rats exposed to microwaves 
at a relatively low level (2 mW/cm2 incident power den
sity at 2450 MHz for 90 min). They assayed beta-endorphin 
{betaEP) in blood, pituitary Jobes, and placenta as well 
as splenic NKCA jn virgin and/or pregnllllt rats, Although 
mkrowavi:s · elevated colonic ... temperatures- by· 0.8 oc for 
virgin and 0.9 ec for pregnant rats, and betaEP in blood 
and anterior pituitary lobes (AP) significantly, it did not 
change blood corticosterone as an index of hypothalamic
pituitiU}' 11Wl:nal axis. There were significanl interactions 
between pregnancy and microwave exposure on splenic 
NKCA, beta.EP in both blood and AP, and blood proges-

terone. Intra-peritoneal administration of opioid receptor 
antagonist naloxone prior to microwave exposure increased 
NKCA. blood, .wd placental beta.EP .in pregnant rats. Alter
atiolls in splenic NKCA, betaE.P and progesterone in pregnant 
rats exposed-to microwaves may be due to both thermal 
and non-thermal actions. These results suggest that NKCA 
reduced by microwaves during pregnancy is mediated by the 
pituitary opioid system. 

To further clarify the effects of microwaves on preg
nancy, uterine or uteroplacental blood flow and eodocrine and 
biochemical mediatOrs, including corticosterone, estradiol, 
prostaglandin E(2) (PGE(2)), ·and prostaglandin F(2)alpha 
(PGF(2)alpha), Nakamura · et al. published yet another 
study in ·2000 {84]. In this article they measured these 
parameters and factors in rats exposed to continuous-wave 
(CW) · microwave at 2mW/cm2. incident power density 
at 2450MHz for 90 min. Colonic temperature in vir
gin and pregnant rats was not £ignificlllltly altered by 
microwave treatment. Microwaves decreased uteroplacen
tal blood flow and increased progesterone and PGF(2)alpha 
in pregnant, but not in virgin rats,. Intraperitoneal (i.p.) 
administration of. angiotensin n. a uteroplacental vasodila
tor, before inicrowave exposure prevented the reduction in 
uteroplacental bloOd· flow. and the increased progesterone 
arid PGF(2)alpha in pregnant rats. Increased corticosterone 
and decrease·d estradiol during microwave exposure were 
observed independent of pregnancy and pretreatment with 
angiotensin ll. These results suggest that microwaves (CW. 
2 m W /cm2, 2450 MHz) ·produce uteroplacental circ\llatory 
disturbances· and ovarian and · placental dysfunction dur
ing pregnancy. probably through non-thermal actions, The 
uteroplacental disturbances appear to he due to actions of 
PGF(2)alpha and may pose some risk for pregnancy! [Could 
the above findings be part of tbe explanation behind the sen
sational findings of Magras and Xenos [85] from 1997?] 

5. 7.5. Synchronization of cerebral rhythms. lmportant 
for 1~ brain-immune system axis? 

-Vecchio et al. [86] have reponed that EMF from mobile 
phones· affects the synchronization of cerebral rhythms. Their 
findings · suggest that prolonged exposure to mobile phone 
emissions . affect conical activity and the speed of neural 
synchronization' by interhemispherical functional coupling 
of EEG rhythms . . This may be evidence that such exposure 
can affect the way in which the brain is able to process 
infonnation, by interfering with the synchroniUttion rhythms 
between the halves of the brain, and by deregulating the nor
mal alpha wave 2 (about 8-lOHz) and alpha 3 (10-12Hz) 
bands.(Could such deregulation affect the brain~immune sys
tem &Xis? If SO, what inl'plicatioris would it have in the shan
as well as in the long-term?] 

5.7.6. Classical contact allergy reactions 
Finally, in addition, classical contact allergy reactions, 

such as chromate allergy, have been studied by Seishima et 
al. [87]. The background for the study was an earlier case 
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report about a patient with allergic contact dermatitis caused 
by hexavalent chromium plating on a cellular phone. The 
new study described the clinical characteristics and results 
of patch tests (closed patch tests and photopatch testS were 
perlonned using metal standard antigens) in eight patients 
with contact dermatitis possibly caused by handling a cel· 
lular phone. The eight patients were four males and four 
females aged from 14 to 54 years. They each noticed skin 
eruptions after 9-2.5 days of using a cellular phone. All 
patients had erythema, and sLM:n had papules on the hemi· 
latera] auricle or in the preauricular region. Three of eight 
patients had a history of metal allergy. Chromate, alumiruum 
and acrylnitrile-butadiene-Styrene copolymer were used as 
plating on the cellular phones used by these patients. The 
patch test was positive for 0.5%, 0.1% and 0.05% potassium 
dichromate in all eight patients. The photopatch test showed 
the same results: One patient was positive for 2% cobalt chlo
ride and one for S% nickel sulfate. Based on these data, it is 
important to consider the possibility of contact dennatitis due 
to a cellular phone, possibly caused by chromate, when the 
patients have erythema and papules on the hemilateral auricle 
or in the preauricular region. · : ( 

'. 
6. Effects of electromagnetic fields on other 
biological systems ' 

Some parallel investigations, pointing to severe biologi
cal effects that need to be mentioned are, for instance, the 
results of Roux et aJ. [88} in 2008. Using an especially 
designed facility, the Mode Stirred Reverberation Cham
ber, they exposed tomato plants (Lycopersicon esculentum 
Mill. VFN8) to low level (900 MHz, 5 V/m) EMF for a short 
period ( 10 min) and measured changes in abundance of three 
specific mRNA soon after exposure. Within minutes of stimu
lation; stresHelated mRNA (calmodulin, calcium-dependent 
protein kinase and proteinase inhibitor) accumulated in a 
rapid, large and 3-pbase manner typical of an environmen
tal stress response. Accumulation of these transcripts into 
the ' polysomal RNA also took place (indicating that the 
encoded. proteins ' were tinnslaled) but was delayed (indi
cating"that newly-synthesized roRNA was not immediately 
recruited into poly somes). Transcript accumulation was max
imal at normal Ca(2 +) levels and was depressed at higher 
Ca(2+), especially for those encoding calcium-binding pro
teins. Removal of Ca(2+) (by addition of chelating agents or 
Ca(2+) channel blocker) led tc totcl suppression of mRNA 
accumulation. Finally, 30 min after the electromagnetic treat
ment, ATP concentrotion and adenylate energy charge were 
transiently deerease(:C while'. tiwcnpt accumulation .. was 
totally prevented by application of the uncoupling reagent, 
CCCP. These responses occur very soon after exposure, 
strongly suggesting that they are the direct consequence of 
application of radiofrequency :fields, and their similarities to 
wound responses strongly suggestS that this radiation is per
ceived by plants as an injurious stimulus! [Furthermore, it is 

impossible to interpret these reactions as •·psychological or 
psychiatric personality: disturbances, cognitive malfunction, 

• 
or likewise".) ! 

Also, the data from Divan et al. [89] deserve to be men
tioned. They examined. the association between prenatal and 
postnatal exposure to ~II phones and behavioral problems 
in young children. Mothers were recruited to. the Danish 
National Birth Cohort' early in pregnancy. Wben the chil
dren of those· pregnancies reached 7 years of age in 2005 
and 2006, mothers wei-e asked to complete a questionnaire 
regarding the current health and behavioral status of chil
dren, as well as past exposure to ~II phone use. Mothers 
evaluated the child's behavior problems using the Strength 
and Difficulties Questi.onnaire. Mothers of 13,159 children 
completed the follow-Up questionnaire reporting their use of 
cell phones during pregnancy as well as current cell phone 
use by the child. Greater odds ratios for behavioral prob
lems were observed for children who had possible prenatal 
or postnatal exposure to cell phone use; After adjustment 
for potential confounders, the odds ratio for a higher overall 
behavioral problems score was 1.80 (95% confidence inter
val= 1.45-2.23) in children with both prenatal and postnatal 
exposure' to cell phon~s .. ~lffiUo ... ~)l phones prena
tall)'..=.llDd,4G a leslier 

1degJee,~postnaw,!ly ~as assoCiifld .----:--: . ~··~, ·--.. 
·with behavioral difficulties.such as emotional and hyperac-
--- ' .. ··----- • -- .J .. -·-

J!_y~ty_proble~~.I!-.!!~E:e ~e of school entry.'{An obvi~us 
follow-up question would be "Wnarabout immune functlon 
alterations?".] Naturally. and hopefully. these associations 
may be non~ausal and inay be due to unmeasured confound
ing. But if real, they would be of public health concern given 
the widespread use of this technology. 

The exposure to non-thennaJ microwave EMF generated 
by mobile phones affeCtS the expression of many proteins. 
This effect on transcription and protein stability can be 
mediated by the MAPK (mitogen-activated protein kinase) 
cascades, which serve' as central signaling pathways and 
govern essentially al1 stimulated cellular processes. Indeed, 
long-term exposure of cells to mobile phone irradiation 
results in the activation

1
ofp38 as well as the ERK (extracel· 

lufar signal-regulated kinase) MAPKs. Friedman et aJ. 1901 
recendy have studied the immediate effect of irrndiation on 
the MAPK cascades, and found that ERKs; but not stress
related MAPKs, are nq)idly activated in response to various 
frequencies and intensities. Using signaling inhibitors, they 
delineated the mechanism that is involved in this activa
tion. They found that the first step is mediated in the plasma 
membrane by NADH oxidase, which rapidly generates ROS 
(reactive oxygen species). These ROS then direclly stimu
late MMPs (matrix metalloproteinases) and allow them to 
cleave and release Hb-EGF (heparin-binding EGF (epidennal 
growth factor)). This seereted factor activates the EGF recep
tor, which in tum funher activates the ERK cascade. Thus, 
their study demonstrates for the first time a detailed molec
ular mechanism by which electromagnetic irradiation from 
mobile phones induces the activation of the ERK cascade and 
thereby induces transcription and other cellular processes. 
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The terminal deoxynucleOiide transferase dUTP nick en~ 
labeling (TUNEL) assay, a well known technique widely used 
for detecting fragmented DNA in various types of cells, was 
used by Panagopoulos et al. [91) to detect cell death (DNA 
fragmentation) in a biological model, the early and mid stages 
of oogenesis of the insect Drosophila melanogaster. The 
flies were exposed in vivo to either GSM 900 MHz or DCS 
J800MHz radiation from a common digital mobile phone, 
for few minutes per day during tbe first 6 days of tbeir adult 
life. The eJtposure conditions were similar to those to which a 

·mobile phone user is exposed. Previous results from the same 
group [92-94] had shown a large decrease in the oviposi
tion ·of the same insect caused by GSM radiation. The recent 
results suggest that this decrease in oviposition; is due to 
degeneration of large numbers of egg chambers after DNA 
fragmentation of their constituent cells, induced by both types 
of mobile telephony radiation. Induced cell death is recorded 
for lhe first time. in all types of cells constituting an egg cham
ber (follicle cells, nurse cells and the oocyte) an.d in all stages 
of the early and mid-oogenesis, from germarium to stage 10,. 
during wlllch programmed cell death does not physiologi
caJly oecur. Germarium. and stages -7-8 were found to be the 
most sensitive developmental stages aJso in response to elec~ 
lromagnetic stress induced by the GSM and DCS fields and. 
moreover;gennarium was found to be even·more sensitive 
than stages 1-8: . · 

7. Conclusioos 

• Both human and animal-studies report large immuoolog· 
ical changes upon exposure to environmental levels of 
modem, buman-nul.de EMFs. Some of these exposure lev
els are equivaJent to those of wireless technologies in daily 
life, Wld often at low or very low (i.e., non-thennal) levels. 

• Measurable physiological changes (mast cells increases, 
for example) that are bedrock indicators of aJJe~gic 
response and inflammatory conditions are stimulated by 
EMF.exposures. 

• Chronic exposure to such factors that increase allergic 
:and inflammatory responses on a continuing basis lllllY be 
harmful to health. The data presented here, as well as the 

. very rapid international increase in incidence of anergies, 
asthma and other oversensitivities, together fonn a clear 
warnins sigru~l. 

• It is, thus, possible that chronic provocation by exposure 
to EMF can lead to immune dysfunction, chronic aJie~gic 
responses, inflammatory responses and ill health if they 
occur on a continuing basis over time. This is an area that 
·should be investigated immediately. ·· · ·· · --

• Specific findings from studies on exposures to various 
types of modem equipment and/or EMFs repon over
reaction of the immune system: morphologicaJ alterations 
of immune cells; profound increases in mast cells in the 
upper skin layers, increased degranulation of masc cells 
and larger size of mast cells in electrohypersensitive indi-

viduals; presence of biological markers for inflammation 
which are sensitive to EMF exposure at non-thermal levels; 
changes in lymphocyte viability; decreased count of NK 
cefls; decreased count ofT-lymphocytes; negative effects 
on pregnancy (uteroplacental circulatory disturbances and 
placental cfisfunction); suppressed or impaired immune 
function; and inflammatory responses that can ultimately 
result in cellular, tissue and o~gan damage. 

• The functional impairment electrohypersensitivity is 
reported by individuals in . the United -States. Sweden, 
Switzerland, Germany, Belgjum, Italy, The Netherlands, 
Norway, Denmark and many other countries of the world. 
Estimates range from 3% to perhaps tO% of populations, 
arid appear to be a growing condition of ill-health leading 
to lost work and productivity. . . . 

• The WHO and IEEE Hterature surveys do not include all 
of rhe rele\'Bnt PaPers cited here, 1~ng to the co»dusion 
that evidence has been ignored in the current WHO ELF 
Health Criteria Monograph; and the proposed new IEEE 
C95.l RF public exposure limits. ,· ·., . 

• The c"urrent international public safety limits for EMFs do 
not appear to be sufficiently protective of public health at 
all, based on the studies of immune function. New, bio
logically based public standards are warranted tbat take 
into account low-intensity effects on immune-function 
and health that are reported in the scientific ~terature. 
Also the accessability needs of persons with the func
tional impairment electrohypersensitivity must be. fully 
addressed and resolved as dictated by the UN 22 "Standard 
rules on the equaJization of opportunjties for people with 
disabilities" (about the UN 22 Standard Rules, see website: 
hnp://www.un.org; since 2007 they have been upgraded 
into tbe UN "Convention on Human Rights for Persons 
with Functional Impairments"). 

The conclusion of the above must be tha.t there are anum
ber of very strong indications of EMFs being capabl~ . of 
disturbing the immune system and thus increasing disease, 
including cancer, risk. It is somewhat odd that professional 

·epidemiologists for the last 50 years have not addressed the 
issue of reduced repair but only looked at increased cell dam
ages from different agents and environments ~hen trying to 
understand trend changes. , . , 

Based on this review as well as on the recent Bioinitiative 
Report [hup://www.bioinitiative.org/} [ l ], it must be con
cluded that the existing public safety limits are inadequate to 
protect public health. From a public health policy standpoint, 
new public safety limits, and limits on further deployment of 
untested technologies, are warranted. 
· New biologically based public 'and occupational expo

sure are recommended to address bioeffects and potential 
adverse health effects of chronic exposure. These effects 
are now widely reponed to occur at exposure levels signifi
cantly below most current national and international limits. 
Therefore, biologically based exposure standards are needed 
to prevent disruption of normal body processes. Effects are 
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reported for DNA damage (genotoxicity that is directly linked 
to integrity of the human genome); cellular communication, 
cellular. metabolism and repair, can'cer surveillance within 
the body; and for protection against cancer and neurologi· 
cal diseases. Also reported are neurological effects including 
cbanges in brainwave activity during cell phone calls, impair
m~:nt of memory, attention and cognitive function; sleep 
disorders, cardiac effects; and - as reported here - serious 
impact on the immune function (allergic and inflammatory 
responses). · 

The current recommendation must be a biologically based 
exposure limit that is completely protective against e.g. 
extremely low frequency and radiofre·quency fields which, 
with chronic eiposure, can reasonably be presumed to result 
in no adverse impacts on health and well-being. Today, such a 
completely protective safety limit would, for many exposure 
situations, be zero. 

Finally, attention to the above need would· also mean a 
great gain in future public health cos~ for the entire elec
trified world. To do the opposite could tu~ out to be very 
expensive. 

• • ~. • ! • ~ • . • •• 
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Abstract 

This paper reviews the literature data on the effects of electromagnetic fields (EMF), in the' reproductive organs as weU as in prenataJ 
and postnatal development of vertebrate animals. Review articles which have been publislied till 2001, regarding the reproductive and 
developmental effeets of the entire range of frequency of electromagnetic fields, were surveyed. ·Experimental studies which were published 
from 200 I onwards were summarized. Special focus on the effects of radiofRqueocies related to mObile communication in abC above mentioned 
topics has been made. According to the majority of the investigations, no strong effects resulted regarding the uposure to EMF of mobile 
telephony in the animal reproduction and development. However funher reseiU'Ch should be done in order to clarify many unknown aspects 
of the Impact of EMF in the living orsanisms. . . 
C 2009 Elsevier Ireland Ltd. All rights reserved. 
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1. Introduction 
I _____., 

During the 20th century, the exposure to electromag
netic fields (EMF) became au important source of concern 
about the possible effeccs in the Jiving organisms. The 
anificial

1 
sources of elecuomagnetic radiation have risen 

tnmendously because of the ongoing needs on electric
ity, teleeommunications, and electronic devices. ln lhis 
context, · World Health Organisation (WHO) established in 
1996·· the International EMF project in order to assess 
bealth and environmental effeccs of exposure to EMF in 
the frequenCy nmge from 0 to 300 GHz.- · For the pur
pose of this paper this range . will be divided into static 
(OHz), extremdy'low frequency (ELF>(}.:.300kHz), inter
mediate frequencies (IF>300-JOMHz) and i'ad.iofrequency 
(RF lOMHz-300GHt) fields (J. Juutiluinen, Developmen
tal effects of electromagnetic fields, Bioclectromagnetics 7 
(2005) SI07-SII5). The mobile phone technology is based 
on radiofrequency radiation with transmission of microwaves 
carrying frequencies between 880 and 1800 MHz [P.A. Val
berg,-T.E. viui De~enter, M.H. Re'pacholi, Workgroup repon: 

• Tel.: •302441066013. 
£·mail addrus: apourli~ril'\'el.uth.p. 
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., 
base stations and wireless network.s-radiofrequency (RF) 
exposures and health consequences, Environ. Health Per
spect. 115 (2007) 416-424). 

The mobile telephony ·~volution took place in the last 
decade. There is an increasing number of cell phone users all 
over the world. Also, new technologies which use the spec
trum of high frequency emissions are incorp<:~rat.cd in many 
aspects of telecommunications. As a consequence. there is a 
lot of interest about the possible effects of the radiation emit
ted from the machines which are engaged in the telephony 
such as hand phones, base stations and transmitters. 

The biological effeccs of E.~ have been and are being 
investigated on different levels of organization. On the level 
of human populations, · epidemiological ·studies are used 
whereas, on the level of individuals human. animal and plant 
in vivo experiments are carried out. Furthermore, on the 
level of organs, tissues and cells in vitro investigations are 
employed. Finally, on the sub-cellular level, biochemical and 
molecular technique:s are utilized. 

From another point of view, many studies have been car
ried oufor ilre in pro8ress about the various effects of radiation 
emissions regarding the behaviour, cancer, central nervous 
system, sleep, children, cardiovascular system, immune func
tion, reproduction and development (3]. 

__ ...-.:...~--
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The. present paper will focus on the existing datA about 
the reproductive and developmental effects of EMF in verte· 
bro.tes. Reproduction is a critical function of the organisms 
and involves two body systems the male and fei1Ulle genital 
system. The development comprises a series of events whlch 
begins with fertilization, continues with implantation, embry· 
onic growth and terms with sexual maturity. In the context of 
systematic zoology, the vertebmtes ue close to the humans. 
Therefore. the animal studies could provide useful informa· 
tion on the comprehension of interaction of EMF with the 
living organism and on the possible commonality with the 
humans. 

The biological effects of EMF of interest can be broadly 
grouped into thermal and non-thermal (4]. The thermal 
effects are associated with local heal production just like the 
mechanism of a microwave oven. The non-tbenn.n.l mechi
nism is triggered by an amount of energy absorption, which 
is not directly, associated with temperature change but rather 
to some other changes produced in the tissues. 

The goal of this paper is to present the up to date available 
data about the EMF and their potential effects on reproductioo 
and development, filling the gap of information from the most 
recent published reviews. All the bibliogrophic data which 
will be presented were collected exclusively from scientific 
journals published in English and partially in other languages. 
The survey includes studies whlch were published from 2001 
onward. The studies which relate to the impact of mobile 
phone electromagnetic fields will be presented thoroughly 
and independently from the date of their publkation. 

2. Historical backgrouod 

The first paper which I found in the medical litera
tun:, regarding the effects of EMF on the development 
of vertebrates. was published in 1893 in an o.natorni
cal journal from· Windle [5]. The author summarized the 
observations of three scientists and added his own about 
the effects of electricity on the chlckcn embryos. 1\vo 
years later the same author [6), . published an account 
on the effects of electricity o.nd magnetism on develop
ment. · ,. 

In 1980 two papers were published about the biological 
effects of microwave radiation. Cook et al. [7] published a 
comprehensive survey regarding the very early reSCW'Ch oo 
lhe biological effects of electromagnetic fields. The early 
work on short waves from 1885 to 1940 was presented. Fol
lowing, the authors summarized the available data from 1940 
to 1960. Leach [8] provided an account on the genetic, growth 
and reproduCtive effects· of microwave -mdiauon including 
early studies in this field that were published from 1959 to 
1979. The majority of revised papers dealt with animals. 
Later, Algers and Hennichs [9] summarized the biological 
effects on vertebrates, of electromagnetic fields where the 
frequency did not exceed J 00 Hz. The authors included many 
studies about the impact of EMF on farm animals. The same 

year, a specialized review was published on the effects of 
non-ionizing rudiation on birds [ 10]. · 

Berman et al.jll ], presented the resul!s of a large multina
tional experimental effort (Henhouse project) regarding the 
low frequency EMF effects on chick embryos. Juutilainen 
[ 12 ), Chernoff et al. [I 3 ]. Brent et al. [I 4) presented detailed 
reviews of the literature about the effects on reproduction 
related to low fiUJuency EMF. · · · · 

Jensh [I 51 reviewed behavioral teratologjc studies using 
microwave radiation with special interest to continuous wave 
(CW) 915,2450, or 6000MHz radiation. 

Ve..Schaeve and Maes [I 6] reviewed the genetic, carcino
genic and teratogenic effects of RF (300 MHz-300 GHz). 
Regarding the effects on reproduction and teratogenesis. 
studies from 1961 to 1991 were surveyed. The majority of 
these experimental studies dealt with the exposure of ani
mals at 2.45 GHz. The same year, Huuskonen et a1. [I 7] 
reported on the teratogenic o.nd reproductive effects of low 
frequency (0-lOOkHz} magnetic fields associated with the 
use or transmission of electric power or emiaed from video 
display· terminals. The animal studies that were surveyed, 
have been published from 1987 to J 997 regarding the effects 
of alternating magnetic fields on prenatal development or 
rots and mice. In the same p3per, studies on the effects of 
prenatal exposure of alternating magnetic fields on postnatal 
development were included. Brent [ 18] provided a thorough 
review of in vivo and in vitro studies on the reproductive 
and teratologic effects of low frequency EMF. The survey of 
reproductive effects bas involved studies with chick. embryos, 
chick.ens. cows, mice, and rats from 1969 to 1996. O'Connor 
[19] recorded the intrauterine effects in animals exposed to 
radiofrequem:y and microwave fields with a special feature. 
The SAR of the surveyed studies was above the limit of 
0.4W/kg. 

Experimental studies on the teratologic effects or develop
mental abnormalities from exposure to. RF electromagnetic 
fields in the range 3 kHz..-300 GHz were reviewed from Heyn
ick and Merritt [20i. The review included investigations 
with insects, birds (chicken, quails, rurkeys) and mammalian 
species (mice, rats) as well as non-human primates .which 
appeared from 1974 to 2000. A brief critical revie~. on the 
developmental . effects of extremely low frequency (ELF) 
electric and magnetic fields provided by Juutilainen (21 ). 
USscher [22) published a survey of the effects of radiofre
quc:ncy electromagnetic fields on production, health and 
behaviour of f.!lrffi animals. 

Juutilainen [I] reported on the effects of EMF on animal 
development. In his review. he surveyed specific topics such 
as the Henhouse project, the interaction of LF-IMF EMF 
with known teiutoge.ns;a'nd ·the bebaviorill teratology of RF. 
Saunders and McCaig [23] summarized the possible effects 
on prenatal development of physiologically weak electric 
fields induced in the body by exposure to extremely low fre
quency electromagnetic fields and of elevated tempemture 
levels that might result from exposure to radiofrequency (RF) 
radiation. 



Table I 
Qvuview of imoes~igalio~ on EMf eiTeciS 011 .tllitnal genilal system. 

Aaimal species Eaposure &posure Exposure Endpoiat Results Comments Rcfc:rencc 
heqvency puamden dumion 

Moose Swiss SO Hz lSmT Continuous Effects on TqJrod~ive No dfed on !he (271 
90days ability fertility or mall! and 

female mice. The 
ovarian weight was 
~ipi6C11Dily increaxd 

Mouse CO\ (BALB/c X 60Hz 2mT Continoous Sperm morphoiOCY No sl&ti51ic:al1y nr..o~ps~ (281 
DBA/2) for72 h or ditreences wae tJeaJcd wilfl mitomycin 

8 hlday for obscr\'ed C. Sperm 
to days abllonnatities were 

found in !he group 
• exposed venus the 
group~with 

miromycin C alone ?-
Mouse BALBI' 60H1 0.1 or 0.5 mT 24 hlday for Germ ~u apopeosis in No significanl changes (29) :>! 

8 weeks the testes ill testicular weights. d' 
" Decrease of nocmal :!.. 
;o· 

seminiferous tubules. ..... 

lnc:rease of the genn ill 
:;. 

cell death .§ 
Rat Sprague-Dawley 60111 .s. 83.3. ConlinuOU$ Spmna«Moxiciry IJid No dereaable 1~01 '"" 'a 

SOOmT 21 hld.iy reproductiYe alruations in offspring s· 
from day 6 dysfunctioo in !he F I spenna!ogene!lis and .f 

"' or gestation offspring fertility -0. 

today 21 of .... 
"' lactation ~ 

RatSpn~~ky 50Hz lS±IJLT Continuow FJJa:ts on sperm No effect on the wcipt 1311 ... 
fOf IS-.eb count., wcipts of of IC$tes. Sipiflcant 

..... 
'f 

lcsles.. semiDal redoc;tioa of lhe wapi ... ... 
vesicles, preputial of scmi!W vuicles IJid 

'() 

---- - ·-~-
ctands _ •. preputial gl~. _ 

Sipilil:11111 reduction 
in sperm cou111 

Rat Sp111guc:-Dawley .SO Hz 1.35±0.0\SmT 2hfday. Sperm count. No signi fiCIIII Funding not mentioned 1~21 

7dayslweek mOfllholugiQ\ chances alu:ntions were 

for 2 monlhs of~eSta obsc:r-s 
Rat Wistar albiJ109<f 50Hz I mT(rnean lhldayfor Morpholosieal Ultramuc:rural Ambiguous 1~31 

value) SOoriOO evaluation of uterus allerarions in gmninal observation' in lhe 
days andovarii:'S epithelium of ovaries ut~~ 

ill 1be expctime~~tal 
group (50 days) as 
well as in l1mica 

albuginea (100 days) 
Rat Spnguc:-Dawleyd'~ 20kHz 6.25mT 8hfday.5 Histop~~lholo(ical No differences were 1~41 

days/week e~~amiuation or various seen in te!ltis IJid ovary 
for90 days orgllll3 -"" 
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A special topic, lhe effects of EMF from power lines 
on avian reproductive biology, was reviewed by Fernie and 
Reynolds (241. Krewslc.i et al. [251. reviewed studies refer
ring to various disciplines regarding lhe effects of RF. The 
included literature was published between 2001 and 2003. A 
novelty of this paper, was a discussion of the reports of vurious 
authorities and conunittees about the potential health risks 
associated with exposure to RF fields. A gap in the literature 
regarding the biological effects of EMF in the intermediate 
frequency range was eovered by the review of Shigemitsu et 
al.l26). 

During the last decade, many reports from authorities 
(local, national and intemationaJ) and expert panels have been 
uploaded on the web (2). 

It is suggested that the reader refer to the above-mentioned 
review lltli~les and electronic addresses. in order to assemble 
a more complete and detailed view of the biological effects 
of EMF. 

3. Male genital system 

The testes are very important organs situated externally 
to the body and enclosed by the scrotum. The testicular 
parenchyma is the site of an intense prolifemtion and dif
ferentiation of the germinal cells th.nt will become the sperm 
cells. The testes are very sensitive to temperature variations 
and for this reason the scrotum. which contains the testicular 
parenchyma, bas o specialized contractile structure. 

Studies that have evaluated EMF effects (mainly LF) on 
the genital systems of the venebrates are summarized in 
Tnble I . 

Regarding mobile telephony, the first study conducted by 
Dasdag et al. {39] investigated whether there are adverse 
effects due to microwave exposure emitted by cellular phones 
in male Wistar albino rats. The animals (n = 18) were divided 
in three groups (control, standby exposed group. speech 
e.llposed group). Specific energy absorption rate (SAR) was 
0.141 W/kg. Rats in the experimenta.l groups were exposed 
for 2 hi day for I month in standby position. whereas phones 
were turned to the speech position three times for I min. The 
decrease of epididymal sperm counts in the speech groups 
was not found to bt significant. Differences in terms of 
nonnal and abnormal spenn forms were not observed. His
tological changes were especially observed in the testes of 
rats in the speech group. Seminiferous tubular diameter of 
rat testes in the standby and speech groups was found to be 
lower than the sham group. Rectal temperatures of rats in 
the speech group were found to be higher man the sham and 
standby groups. The rectal temperatures of rats before and 
after exposure were also found to be significantly higher in 
the speech group. 

The same group of authors (40]. failed to reproduce the 
results of their previous work. Sixteen Sprague-Dawley rats 
were separated into two groups (control, experimental). They 
were exposed to 890-915 MHz pulsed wave (PW) daily for 
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20 min/day for I month. For 250 mW average radiated power, 
SAR was 0.52W/Icg. No differences were obser\'ed in the 
percentages of epididymal normal and abnormal sperms, the 
epididymal sperm count, as well as in the seminiferous tubule 
diameter bel ween control and experimental groups. Also, the 
testicular biopsy score as evaluated by Johnson's scale did not 
differ significantly. 

Aitken etal. [411 assessed thcu:stis of mice irradiated with 
900 MHz in a waveguide, with an CAposure condition SAR 
90 m W /kg for 7 days at 12 h/day. The authors did not observe 
abnormalities regarding the spenn number, morphology and 
vitality. However, they reporu:d significant damage to the 
mitochondrial genome as well as to the nuclear-globin locus. 

Results similar to a previous study {39] regarding the 
diameter of the seminiferous tubules of rot test~s .were 
obtained by Ozguner et aJ. [42]. During the CAperiment. 
20 male Sprague-Dawley rats (5 months of age) were 
either exposed to 900 MHz CW (average power density 
I ±0.4mW/cm2) or not (control group). Rats exposed 
30 min/day, for 5 days/week for 4 weeks. The authon; also 
did not obserVe significantly different values of weight of 
testes, testicular biopsy score count and the percentage of 
interstitial tissue. However, the mean height of the genrunal 
epithelium was found decreased in the group of rats that had 
been irradiated. 

Forgdcs et. al. [431 repeau:dly exposed male NMRJ 
mice to 1800 MHz GSM like microwave radiation at 
0.018-0.023 W/lcg whole body SAR. I J-12 sham exposed 
and 11-12 exposed mice were used. The animals were 
exposed ten times (over 2 weeks) and the duration of 
exposure was 2 hlday. No microwave exposure-n:lated mor
phological altJ:rations were found in testis, epididymis and 
prostate. 

Adult male rats were examined after exposure at sub
crtlronic exposure to RF emined from a conventional cell 
phone on their testicular function. Sixteen Wistar rats wen: 
used at age 30 days. The animals were exposed for I h daily 
during 1 I weeks. The experimental group (n = 8) was exposed 
to 1835-1850MHz at 0.04-1.4mW/cm2 . Total body weight 
and absolule and relative testicular and epididymal weights 
did not change significantly. Epididymal spenn count was 
not significantly different between the groups. Regarding 
the histomorphological endpoints of the study, no differ
ence was found between the experimental and control nrm 
[44). 

The effect of cellular phone emissions on sperm char
acteristics in 16 Sprague-Dawley ruts were studied (45). 
The laboratory animals were divided in two groups (exper
imental, control) and exposed to four cell phones which 
had a personal communications service code division mul
tiple access frequency band of J.9GH2 (800MHz digital 
and 800 MHz analog). The rats received daily (3 h-30 min 
rcst-3 h) cell phone exposure for 18 weeks. The SAR ranged 
from 0.9 to !.SOW/kg whereas the power from 0.00001 to 
0.607 W, nccording to the specific mode of function. The 
authors analyzed the morphology of the sperm cells from 

epididymis of rats. The percentage of deformities for the 
experimental group was 34.3% and the percentage of defor
mities for the control group was 32.1 %. This difference in 
the occurrence or defonrut.ies between the two groups was 
not slalistically significant (p > .05) through a paired t tJ:st. 
The total sperm counts from the testes were not significantly 
different between the two groups. None of the temperature 
differences between the two groups were statistically signif
icant. 

Sixu:en Sprague-Dawley rats were used to evalllBtJ: 
the bd-2 protein (a~ anti-apoptotic protein) in rat testes. 
The experimental group (11 = 8) was exposed to com
mercial (GSM) cellular phones irradiation for 20 min/day 
for I month. Averoge power density was measured at 
0.047 mW/cm2 and SAR levels changed between 0.29 
and 0.87W/kg. The testes were investigated by means 
of inunu.nohlstochemistry. No difference was observed 
between testes sections of the shllltl and experimental 
groups in terms of hcl-2 staining. These results indicate 
that the radiation ercitted from 900 MHz cellular phones 
did not alter· the anti-apoptotic protein in the testes of rats 
[46}. 

In order to investigate the apoptosis-inducing effect 
of mobile phone exposure on spennatogonia in seminif· 
erous tubules, 31 Wistar albino male rats were divided 
in three groups such as cage control (n = 10), sham 
exposed (n = 7), and. experimental (n = 14 ). The 2 hi day (7 
days/week) CAposure of 900 MHz radiation (power den
sity 0.012-0.149mW/cm2 and SAR 0.07...{).S7W/kg)over a 
period of I 0 months ,was evaluated by means of immunoh.is
tochemistry. The long-tJ:rm radiation did not affect the active 
caspace-31evcls in teStJ:s of rats. Caspace-3 is a typical fenture 
of apoptosis (471. · 

4. Female genital systan 

Studies on the impact of RF in the female genital system 
are s~. Two studies were conducted in order to evaluate 
the effects on endometrial apoptosis and the ameliorating 
effects of a combination of viuunin E and C against EMF 
damage. 

Oral et al. [48], exposed sexually mature female rats (16 
weeks old) to 900 MHz radiation, 30 min/day for 30 days. 
'IWenty-four Wistar aJbino rats were divided in three groups 
(sham exposed, EMF exposed. EMF exposed treated with 
vitamin C and E). The animals were exposed at 1.04 mW/cm2 

(SAR 0.016-4 W/kg). The effect of microwaves was exam
ined in rat endometrium by means of immunohistochemistry. 
Endometrial apoptosis was observed. Guney et al. (49}, 
repeated the experiment with the addition of another group 
(control). Histological changes in endometrium, diffuse and 
severe apoptosis in ·the endometrial surface, epithelial and 
glandular cells were'reponed regarding the group exposed to 
EMF. Also, eosinop.hilic leucocyte and lymphocyte infiltra· 
tion were seen in the endometriaJ stroma. 



Table 2 ~ 
Ovel"'licw of investigations on EMF ell'ecl.5 on animal okveloPmenl. .. . 
Anim.lll species Ellposun: Exposure Ellposun: duntion Endpoint Results COIIlll1ents Rd~ 

fnqucncy parameters 

Rat Spracue-D:nvley 50Hz 7, 70,3SOmT 22 hlday durin& Efl'ec:tsoo No differences re&afdiog embryonic [50] 
0-7 or 8-15 day teratogenicity ind deaths, fetal weight and 
of gestation cmbryanic ICralogeniciry 

development 
Mou..,.ICR 50Hz Slwn 9weUsd' 2 Etrec:ts Oft No difl'~ca reptding cmbryooic [51) 

10.1- 1 .,.n. wec:ksc;> prior to tcmtogenicity and deaths, fetal ~ighl and 
O.S. SmT mating cmlxyonic lcraiOgetliCity 

develop~na~t . . 
Mouse Swiss Webstu OHz-l5MHz . I "'eek ~cinning MO!pbologiul Pathological chan&es wen: obterved [52] 

from 1be 18th day changes in brain. in !he 11«1nates 
of pregnancy thymus, adrenal 'land 

· durin& embryonic 
. develoPment .. :>. 

!Ut Spngue-Oawlcy 60Hz 0 (sl\am 22 blday durin& Developmental No differeoces ~larding embryonic [53] 
:.,., 
d' group). s, . ~lOdayof t01icity deaths, fetal weight and It .. 

83.3, SOOmT. acstation ten!O~ty ~ 
Chicken SO Hz. 1.3J-7.32mT . 24h Effects oo · Significant difference in the Funding no1 [5-l] ..... 

cmtogenicity U!d · Percatage of aboonnal embryos mentioned I · embryollic: VC'SUS control was found in 4.19, •. 
~-'-32. 5.86, and 6.65 densities. Some 

:>-
development ':Z 

embryos with ~tra ribs. def«l5 in s· 
~ ribs and vmebne, ar~uria and .... 

· abnormal bc:W ~re observed .... 
Q. 

MouseiCR 20kHz 6.SmT 8 hlday from 2.5 . Effects_ on~ No statistically signitiC:ant (55] ~ 

to 15.5 days tera~oseniciry and_. difJCIUICCS in the number Of '. ~ 
post<Oitum embryonic implantation. embryoruc death. -~lopmenl ._ morption, gtOW1h rewded fetuses, ~ 

exle:mal and sl<elew abnol'l1lalitics . ... 
"" Chid<cn Leghorn HR7 50Hz t"T.soo .... r. Ccmtinuous for 15 Elfecu. on At IS days of incubation body weight [56( "" Funding not 

lmT or 21 days embryoffctus was 'ignificantly !.ower \'CnUS mentioned 
controls. Al21 cb.ys or i!IC1lbati001 !he 
body wcigbt and cranial diameters 

. . 
wcrc smaller venw control. No 

· dilferences in brain weight were 
. observed in all croups 

MO\UC:9 Sialic magnetic 400mT 6tninlday from Tmll.ogcnic effects _ Polyd;lctytism, :lbdomin:ll fissure, 1511 
field 7.5 to 145 day of fused ribs • ....:stigial 13th rib, brain 

pregnancy hernia. curled tall 
Mouse 9 50Ht t.ZmT B hlday durina : Body weight of dams. Fetal Joss."ntalforrned fetuses, Arti<:le in [58] .. 

Pfel!:nancy development of ~tardatioo of pvwth of the offspring chinese 
oft'sprillg . in cbe lint 2 'foUb after birth 

Chicken \\'hire 50Hz 1..33-7.32mT 4days Morphological Abnormal brain cavities. spina bifi.d.l, (.59) 

Leghont eggs evaluation of monoph.rhalmia, ocular defccLJ 11nd 
embryos/fetuses · growth rctard4tion 




